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Summary 
It is widely known that the world is losing biodiversity and primarily it is thought to be 
caused by anthropogenic activities. Many of these activities have been identified. 
However, we still lack a clear understanding of the causal relationships between human 
activities and the pressures they place on the environment and biodiversity. We need to 
know how ecosystems and individual species respond to changes in human activities and 
therefore how best to moderate our actions and reduce the rate of loss of biodiversity. One 
of the ways to detect these changes is to use indicators of ecosystem conditions.  
Indicators are statistics following changes in a particular factor usually over time. These 
indicators are used to summarise a complex set of data, and are seen as being 
representative of the wider situation in that field. So it can be assumed that if that particular 
factor is declining or improving, then the situation in general is also declining or improving. 
They are used to check the status and trends of biodiversity by both the public and policy 
makers. Indicators are also used to assess national performance and can be used to 
identify the actions required at the policy level. In this manner, they provide an important 
link between policy-makers and scientists collecting the data. 
The current thesis investigates the possibility of using bird species as indicators of 
biodiversity for better management of natural terrestrial ecosystems, by identifying their 
habitats according to various environmental factors. The study is established by drawing 
upon three main scientific areas: ecology, geographical information system (GIS), and 
statistical modelling. 
The Mornington Peninsula and Western Port Biosphere Reserve (MPWPBR) (Victoria, 
Australia) was chosen for the study area because of the combination of suburban and 
natural environments that made it optimum for this type of study. Once the study area was 
defined, the necessary data for the research were obtained from various sources.  
Birds Australia provided data on recorded observation of 271 bird species within the study 
area. Based on the nature of this study, seven species were selected for the study. The 
criteria for this selection are discussed in Chapter 3. Most literature state that the primary 
determinant for bird abundance is vegetation and land cover. Because of this, Ecological 
Vegetation Class (EVC) layer was used to determine which type(s) of vegetation have the 
greatest impact on habitat selection. Each species showed a relationship to a number of 
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vegetation types. These EVCs were combined to produce vegetation patches, and were 
considered as potentially suitable habitats of corresponding bird species. 
For each of the species, these habitat patches were analysed for the different aspects of 
patch characteristics (such as the level of patchiness, connectivity, size, shape, weighted 
distance between patches, etc.) by using the Landscape Context Tool (a GIS add-on). 
This process assisted the understanding of the importance of patch quality in habitat 
selection among different bird species by analysing the location of bird observation sites 
relative to habitat patches. In this way, the association between bird presence and the 
conditions of a habitat patch was identified by performing a discriminant function analysis. 
To investigate the probability of a species presence according to different environmental 
factors, a model of species distribution was created. Binary logistic regression was used to 
indicate the level of effect of each variable. The model was then successfully validated in 
the field. 
To define the indicators of environmental factors, it was essential to separate bird species 
based on their dependency on one or more of the studied variables. For this purpose, 
One-Way ANOVA was used. This analysis showed that some bird species can be 
considered as indicators of urban areas, while others could be good indicators of well-
preserved large forests. 
Finally, it must be mentioned that the type and quality of the datasets are crucial to this 
type of study, because some species have a higher degree of sensitivity to certain types of 
vegetation or land cover. Therefore, the vegetation data must be produced as detailed as 
possible. At the same time, the species data needs to be collected based on the presence 
and absence (versus presence-only) of the birds. 
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CHAPTER 1: INTRODUCTION 
 
1.1 Project definition 
For many years, ecologists have been arguing that the diversity of life on earth 
(biodiversity) provides the essential support for sustainability (Miller, 2000). These 
arguments have been focussed considerably over the past 5 years as a means to get 
scientists, economists and the other communities thinking about and discussing the 
relationships between people and their natural environments and the values and 
opportunities that come from those relationships. 
Loss of habitat is widely recognized as the greatest threat to wildlife today. But even on 
land that has been permanently protected within our preserves, habitat does not remain 
constant over time. It is normal for changes in vegetation to occur as a result of long 
periods of wet or dry weather, fire, and other natural causes. Species have adapted to 
these natural processes. Evaluating the degree of associations to reflect habitat changes 
over time (to determine its relative importance for conservation purposes) requires 
procedures that are relatively inexpensive and that yield fast and accurate results.  
This fact leads us to search for a reliable method, which can be used widely on a regional 
scale, to determine the level of ecosystem changes that may affect the biodiversity as a 
consequence. In most cases, fragmentation of terrestrial habitats is a warning that they will 
soon be destroyed. On the other hand, measuring and investigating the cause of such 
losses may be costly and/or time-consuming. One of the methods used to investigate the 
complexity of an ecosystem is the use of indicators. Indicators are variables or indices that 
represent, integrate, and characterize information embodied in comprehensive data sets, 
which are often not measurable directly (Muller and Wiggering, 1999). Indicators are 
suitable tools whenever the primary information of an object is too complex to be handled 
without aggregations. Using biological indicators for management purposes is of great 
value, especially for developing countries such as (Islamic Republic of) Iran (see Chapter 
6), in terms of being cost effective and time saving. Iran will be the “target area” for 
applying the results of this thesis. But to identify indicators, one must have useful data 
from both the group of species from which indicators are to be selected, and 
environmental gradients that represent the ecosystem and biodiversity status. These 
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datasets can be obtained in developed countries (such as Australia), but they are not 
available in Iran. Therefore, a method in which the species and environmental factors 
provide minimum requirements for indicator identification will be needed. This primary 
criteria on identifying indicators, has lead to choose birds as the species group. Birds 
select habitats based on their suitability, which makes them very useful as biomonitors 
indicating the environmental changes taking place. Among the most important factors 
affecting habitat selection are foraging sites, nesting sites, protection from the elements, 
protection from predators, and competition. However, with the earth constantly changing 
due to climatic variations, pollution, human activity, and development, habitat selection is 
becoming increasingly difficult. Each stressor can take a serious toll on individuals and 
communities of birds. For this reason, birds can be very useful as biomonitors indicating 
the environmental changes taking place, even sometimes before apparent and visual 
changes can be detected. 
1.2 Rationale and objectives 
The aim of this research is to find the most suitable indicator(s) among the avifauna for 
estimating the biodiversity conditions. It will define a method to describe such indicators in 
terrestrial ecosystems with a focus on the relationship between birds and the vegetation 
floristic, in Mornington Peninsula and Western Port Biosphere Reserve, in Australia, and 
how it can be applied in the Golestan National Park, in Iran. 
Vegetation is the basic element of all terrestrial ecosystems that influences its fauna. 
Vegetation conditions depend strongly on biophysical parameters, such as climate and soil 
type. These factors change slowly over very long time-scales. This study will focus on 
avifauna/vegetation relationships as a part of the biodiversity condition within ecosystems, 
and for its purpose climate and soil type will be assumed constant through time. However, 
through human activities vegetation type and condition may be influenced and 
consequently the existing fauna populations will respond. Many scientists have studied the 
relations between vegetation and avifauna from different points of view and applied 
various methods.  
1.2.1 Vegetation and birds 
Specific parts of vegetation are vital for particular adapted bird species. Plants provide 
basic needs for birds as a part of their habitat. Since the birds are using different parts of 
the vegetation at different heights, these resources are essential for feeding, nesting, and 
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sheltering. Additionally particular plants provide specific microhabitats for live food 
(invertebrates, reptiles, and small mammals) as a resource for predator birds, accordingly, 
the plant life form (forb, shrub, or tree). Plant species and vegetation structure (density and 
coverage) provide an explanation for bird species dispersal and richness (Parsons et al., 
2003, Fernandez et al., 2004, Williams et al., 1997, Safford, 1997, Poulin et al., 2002). 
1.2.2 Human activity and avifauna changes 
The impacts of human activities on the natural environment are profound. Vegetation 
change may result from urbanisation (Williamson and DeGraaf, 1981, Green and Baker, 
2003, Ford et al., 2001, Catterall et al., 1998); which will not only affect the species 
richness, but will also change the species composition (Williamson and DeGraaf, 1981). 
Such changes in species composition may cause future intra-species and inter-species 
competition for resources. It could also speed up the rate of transmitting diseases and 
parasites (Catterall et al., 1998). The avifauna changes are not always caused by 
urbanisation or industrial activities. It can also happen because of farming and cattle 
grazing that will indirectly affect the natural vegetation structure (Parsons et al., 2003). 
Grazing is also reducing food resources for both insectivorous and granivorous species 
(Donald et al., 1998, Franklin, 1999). Thus, the settlement of new species and absence of 
sensitive ones will indicate minor vegetation structure change. 
1.2.3 Birds as indicators 
Some bird habitats are considered as important areas for breeding. Most of these bird 
species are under attention for hunting purposes in many areas of the world. For example, 
the presence of grassland–dependent species and absence of species associated with 
woody vegetation or cropland will provide an index of grassland integrity (Browder et al., 
2002). If the bird abundance data in such cases are available, such indices can be applied 
relatively inexpensively to monitor grassland integrity over large geographic areas. 
Urban areas can sometimes be considered as a part of birds’ habitats (Reynaud and 
Thioulouse, 2000). Thus, factors other than vegetation can be involved for habitat 
classifications. In fact in this research, where the Mornington Peninsula Biosphere 
Reserve will be studied with a focus on avifauna, such factors show a great importance1. 
                                                 
1 Mornington Peninsula and Western Port Biosphere Reserve is the first biosphere reserve in the world 
submitted by UNESCO, which has an urban environment (with more than 50,000 people associated 
pressures).  
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A bird species highly adapted to a specific plant species, community or structure, is also 
able to describe the vegetation conditions and consequently the ecosystem situations 
(Uliczka and Angelstam, 2000 and Jansen and Robertson, 2001). In this case, the number 
of resident bird species must be studied and is suggested as the main factor (Brotons and 
Herrando, 2001). The indicator determination process can be shown in Figure 1.1. 
. 
 
Figure 1-1the main data layers needed to develop ecological indicators of ecosystems. 
1.2.4 Project objectives 
This research aims to answer the following questions: 
I. Which birds (or bird group) show a clear association with vegetation structure and 
floristics? 
II. How do vegetation types affect avifauna species populations? 
III. Is it possible to predict a bird species presence by studying vegetation data? 
IV. How can indicators (such as the birds’ group-set) be used to describe ecosystem 
conditions used in environmental assessment? 
V. How can we best use these indicators to determine the role of human activities on the 
biodiversity? 
VI. More generally, how can these indicators be used as a guide for the management of 
protected areas and improve habitat conditions? 
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1.3 Outlines 
In this research, first the environmental units that describe habitat variations will be 
defined. These units are determined based on topography, vegetation, and human activity. 
These factors are known to be the main causes of avifauna distribution patterns. The bird 
species composition, richness, and abundance in certain areas will be able to determine 
the status of the ecosystem according to the human activities, disturbance, vegetation 
type, or other factors that affect their specific habitats. Furthermore, the presence or 
interest of each bird species in certain locations according to habitat factors, can tell us 
more about the conditions of that region. In this regard, the shape and size of habitat 
patches for each species are analysed to determine the suitable habitat characteristics for 
each of the selected species. 
In brief, this research includes these sections: 
Literature review; the relation between bird species and different aspects of vegetation 
(including floristic, community and structure); identification of the most adapted bird 
species to particular type(s) of vegetation and other environmental factors; developing 
indicators among birds by considering undisturbed areas and human activities with a focus 
on vegetation; and the guidelines for managing protected areas by using birds as 
indicators.This thesis contains the following chapters according to the goals of the 
research: 
• Chapter one describes the problem and opens the research questions followed by the 
outlines of the thesis. 
• The background and the motive of the research are presented in Chapter two in the 
form of literature review. This part contains some definitions of the key terms used in 
the thesis, and also highlights the recent most relevant studies in the area of this 
research. 
• In Chapter three, the types of data that have been used in the study are discussed. The 
source, accuracy, coverage, and consistency of the data used are analysed for 
probable conversions to be used in GIS software. At the same time, bird species to be 
studied are selected from the dataset, based on the presented criteria.  
• Bird-vegetation relationships are the main issues discussed in Chapter four. The 
association between some aspects of various metrics of habitat patches are compared 
and analysed for all the selected species. 
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• The probabilistic model of the species presences is presented in Chapter five. This 
section shows which of the studied environmental gradients have more impact on 
habitat selections and suitability among species. 
• In Chapter six, the results from chapter five have been used to determine species 
indicators for studied environmental factors. In fact, this chapter actually discusses the 
data analysis resulted from Chapter five for indicator determination among bird species 
to represent ecosystem conditions. The application of such procedures in Iran will be 
discussed in the next Chapter.  
• Chapter seven contains the general discussion and recommendations for further 
studies. It also provides recommendations on how to apply indicators for better 
biodiversity management in Iran.  
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CHAPTER 2: LITERATURE REVIEW 
 
 
2.1 Biodiversity 
Biodiversity is the variety of life in all its forms, levels, and combinations; including plants, 
animals, micro-organisms, and ecosystems. Linked to increased interest in conservation, 
the term biological diversity (Wilson, 1988; Reaka-Kulda et al., 1997) has entered the 
scientific vocabulary. Biological diversity, also called biodiversity, can be broadly defined 
as the number, variety, and variability of living organisms. Biodiversity is often simply 
defined as the number of different species in a given geographic area (MacDonald, 2003). 
The greater the number of species present, the greater the biodiversity. This simple 
measure of biodiversity, based solely on the number of different species in a given area, is 
also called species richness by ecologists. In many large-scale biogeographical studies, 
biodiversity is synonymous with species richness (ibid). A task for ecologists is to give 
quantitative measure to this concept. Only by creating or applying reliable measures of 
diversity, can we measure how it varies both spatially and temporally. Thus, we are able to 
recognise the influences that create and destroy it. 
2.2 Biodiversity measurements 
The simplest measure of biodiversity is the number of species. In such a count, only 
resident species are included, not accidental, or temporary immigrants (Krebs, 2001). A 
second concept of species diversity is that of heterogeneity. One problem with counting 
the number of species as a measure of diversity is that it treats rare species and common 
species equally (Williams, 1964). The number of species within a biological community 
(i.e., species richness) determines species diversity, as well as the relative abundance of 
individuals in that community. Species abundance is the number of individuals per 
species, and relative abundance refers to the evenness of distribution of individuals among 
species in a community (Encyclopaedia Britannica, 2003). In other words, heterogeneity is 
higher in a community when there are more species and when the species are more 
nearly equally abundant. 
MacArthur (1965) suggested that two components should be recognised to analyse 
latitudinal gradients in species diversity: within-habitat diversity (also called α diversity) and 
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between-habitat diversity (also called β diversity). Whittaker (1976) presented a more 
complete classification of diversity: 
• The α diversity: the diversity of species in a community or habitat. 
• The β diversity: a measure of the rate and extent of change of species along a 
gradient, from one habitat to others. 
• The γ diversity: the richness in species of a range of habitats in a geographical area, 
which is a consequence of the α diversity of the habitats, together with the extent of the 
β diversity between them. 
The α and γ diversities are qualities that simply have magnitude and could, theoretically, 
be described entirely by a single number. In contrast, β diversity is analogous to a vector, 
as it has magnitude and direction. Therefore, these descriptions require different 
approaches (Southwood and Henderson, 2000). 
There are numerous measures of diversity or ways of estimating species richness 
(Southwood and Henderson, 2000); which method is to be preferred will depend on the 
quality of the data, the sampling effort, community properties, such as species number and 
community stability, and the objectives of the study. 
The number of species and the evenness of relative abundance (or conversely the degree 
of dominance by a particular species), are the two statistical properties used to quantify 
species diversity. These same components of diversity can be evaluated for any 
component of biological diversity, from genetic to landscape diversity (Huston, 1994). 
Although biodiversity has two distinct statistical components, diversity is often described 
using statistical formulas that combine both components. Perhaps the best known of these 
composite statistics is the Shannon Index (Shannon and Weaver, 1949): 
( )∑−=′ ii ppH log                                                     (2.1) 
Where  ip  is the proportion of the total sample (i.e., of the total number of individuals or 
total biomass) composed of species i . The other most commonly used statistic is 
Simpson’s Index (Simpson, 1964): 
∑= 2ipλ                                                      (2.2) 
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Simpson’s Index is actually an index of dominance, and thus tends to be inversely related 
to evenness and richness. Therefore, it is often expressed as a diversity index, Simpson’s 
D, of the form 
λ−= 1D                                                       (2.3) 
These and most other diversity statistics apply to specific mathematical conditions, such 
as samples of infinite size or samples for which the number and identity of all individuals is 
known. Since neither of these conditions is usually true for ecological samples, exact and 
accurate statistical analysis requires that the statistical formula be modified for samples 
that are of finite size or imperfectly known (Huston, 1994). 
2.3 Biological indicators 
Every plant is a product of the conditions under which it grows and is, therefore, a 
measure of environment (Weaver and Clements, 1938). Although this is true, in practice 
we are interested in plants or animals (or their responses) that indicate some specific 
attribute of its community or the habitat. We are interested in a species or a combination of 
species that tells us, for example, that the soil is salty, a pasture is overgrazed, a steam is 
polluted, or a vegetation type is degrading. 
The ideal indicator, of course, would always be associated with the condition in which we 
are interested and would never occur in its absence. The tendency of the organism to 
occur only with the condition it is supposed to indicate corresponds with the plant 
sociologists’ concept of fidelity. The frequency, with which the indicator is associated with 
the condition, corresponds to the phytosociological concept of constancy. A species might, 
for example, occur exclusively on one type of soil or one kind of community (high fidelity) 
but be rare enough that patches of the characteristic habitat often fail to support the 
species (low constancy). 
The recent tendency to use ecological information for practical purposes is not new. The 
period from about 1945 to 1970 in which it was thought that chemical and physical 
technology would allow us to ignore ecological relationships was a misdeed that it is hoped 
will not be repeated. Early in the last century (and early in the development of ecology) the 
work of H. L. Shantz (1911) on plant communities as indicators of crop capabilities was 
used for classifying public lands. Clements published a 400-page monograph on plant 
 10
indicators in 1920, with most of it about agricultural indicators such as indicators of crops 
and overgrazing. 
As examples of indicator species, heavy grazing in the dry prairies used as pasture is 
shown by a decrease in little bluestem (Schizachyrium scoparium), an increase in annual 
ragweed (Ambrosia artemisiifolia), and the invasion of dandelion (Taraxacum officinale) 
and white clover (Trifolium repens) (Miller, 2000).  
Recently, there has been a great deal of interest in using biological indicators of pollution, 
sometimes now referred to as biomonitors. This, too, is a reinforcement of a subject that 
German and American aquatic ecologists began to study in the early 1900s. It has long 
been known that dense populations of certain kinds of Annelid worms or certain kind of fly 
larvae on stream bottoms generally indicate pollution by organic wastes, such as sewage 
(Wilhm, 1975). These tend to be organisms that have breathing mechanisms that allow 
them to stay alive under low oxygen conditions.  If gill breathing fauna are present, on the 
other hand, the water is likely to be clean and well oxygenated. Subdivisions between 
these two extremes can also be recognized. The number of species and their relative 
abundance can also be used to develop a mathematical index based model for pollution 
indicators. This is especially useful when a set of indicator species are of interest. 
In the case of pollution, one must be careful with the indicators; the species that are 
common in polluted areas also occur in specific microhabitats where pollution is absent. 
Thus, the presence of the pollution indicator species is not necessarily the sign of polluted 
area, though high numbers of them coupled with the near absence of other species usually 
is. Therefore, as a general rule, we are less likely to make such a mistake if we use 
information beyond the simple presence or absence of a single species. In most cases, 
comparisons of abundance are helpful as can be the use of combinations of species 
(Cairns et al., 1985) or using a community as the indicator. 
In brief, ecological indicators have been used as a short cut to determine environmental 
variables (such as depth of ground water, soil type, glacial deposits, and rock formations) 
that normally demand a considerable time and budget. 
2.4 Habitats 
All living organisms are living in environments that provide their survival utilities. In 
ecological terms, this environment is called a habitat. A habitat is a place where an 
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organism or a community of organisms lives, including all living and nonliving factors or 
conditions of the surrounding environment. A host organism inhabited by parasites is as 
much a habitat as a terrestrial place such as a grove of trees or an aquatic locality such as 
a small pond (Encyclopaedia Britannica, 2003). Ecologists usually divide different kinds of 
habitats into smaller divisions. The basic subdivision is between terrestrial habitats and 
aquatic habitats (Krebs, 2001). The smallest topographic unit of a habitat with a 
characteristic uniformity of plant and animal species and environmental conditions, such 
as a sandy beach, is called a biotope (Encyclopaedia Britannica 2003). Terrestrial habitats 
can be subdivided into sub-habitats and eventually microhabitats, such as a south facing 
slope, a tree hole, or the space between sand grains along a beach (Brewer, 1994).   
As a statement of biogeographical logic (Brewer, 1994), we can say that a species will 
occupy any area that (1) can be reached, (2) satisfies its habitat requirement both 
proximate and ultimate, and (3) is not uninhabitable because of competitors, predators, or 
disease (Jordan, 1968, and Macan, 1963). Habitat selection is a process that operates at 
the level of individual animal. Decision-making or choices by mobile individuals such as 
migratory birds occur in a hierarchical manner from a larger spatial scale to the local 
microhabitat (Krebs, 2001). 
A habitat ranking method can be used to facilitate the decision-making in the early stages 
of land use planning (Rossi and Kuitunen, 1996). By using this method, it will be easier to 
formulate an assessment procedure and minimize fieldwork. This will help to avoid error 
due to species remaining unnoticed in the field. 
The Holdridge System (Holdridge, 1971) attempts to define relatively equal and 
comparable ecological units called life zones. These life zones are identified using a 
triangular matrix whose axes represent the variables of biotemperature, precipitation, and 
potential evapotranspiration ratio (Figure 2.1). Biotemperature is defined as the mean of 
unit-period temperatures with the substitution of zero for all unit period values below zero 
and above thirty degrees in centigrade scale (Holdrige, 1971). Therefore, life zones are 
primarily climatic divisions that define conditions for ecosystem functioning. Each life zone 
can be further subdivided into associations to account for local environmental influences 
such as soil, atmospheric, or moisture conditions (see also Appendix A). 
 
 12
 
Figure 2-1the life zone system (after Holdrige, 1971, from University of Florida website) 
Zoologists frequently delimit their communities by reference to plants or environmental 
factors. For the systematic study of global distribution of wildlife the earth has been divided 
into six zoogeographical regions (MacDonald, 2003) (Figure 2.2). 
 
Figure 2-2The Major Biogeographical Regions 
The Nearctic region: consisting of North America, Canada, Iceland, and Green land. 
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The Palaearctic region: consisting of North Africa, Europe, North East, and Central Asia.  
The Neo-tropical region: comprising the southern peninsula of North America and South 
America.  
The Ethiopian region: consisting of three fourths of Africa and southern Arabia.  
The Oriental region: including the Indian Subcontinent and South East Asia.  
The Australian region: comprising mainly Australia and New Zealand.  
Southwood and Henderson (2000) stated that the most universal classification of habitats 
is that of Elton and Miller (1954): 
1. Terrestrial system 
(a) Formations 
(b) Vertical layers 
2. Aquatic system 
(a) Formation 
(b) Vertical layers 
3. Aquatic-terrestrial transition system 
4. Subterranean system 
5. Domestic system 
6. General system 
 
Due to the wide range of bird species, and thus, different kinds of avifaunal habitats, the 
habitat classification presented here is developed according to the objectives of the study, 
which is the definition of habitat specialist birds for indicator determination purposes (see 
also Appendix B for more references).  
2.4.1 Birds and their habitats 
From a wildlife ecologist’s view, habitats are important because of the fauna that live in 
them. Of all fauna, birds are probably the most sensitive to environmental changes (see 
section 2.8). That is why they can be considered good indicators of the state of the 
environment. Because of this, several countries have adopted national bird monitoring 
schemes (Hustings, 1992) and use breeding bird populations as indicators of sustainability 
(Gregory et al., 2001; Peakall, 2000; Van Strien et al., 2001). Birds are easy to identify, 
their classification and ecology are generally well established. They are high in the food 
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chain and thus may be particularly suitable as monitors of any signal that accumulates 
throughout the chain (Jarvis, 1993, Furness and Greenwood, 1994). 
If we are able to determine the whole range over which the species is able to live, for one 
of the environmental (or biophysical) factors, we then will know the range of tolerance of 
that species (Brewer, 1994). For this reason, birds are divided into two different groups 
that have contrasting responses to their environments. This classification is based on their 
ability to survive in changing habitat factors and their minimum habitat requirements. 
Among those, certain bird species have exact ecological requirements that make them 
good ecological indicators for habitat analysis (Stout, 1998, Imhoff et al., 1997). 
The two groups of bird species with different ranges of tolerance are defined as (Stout, 
1998): stenotopic species (specialist species) which have a narrow range of tolerance and 
require more precise ecological conditions, tend to be more restricted geographically, are 
usually less abundant members of a community, and may be bound to a specific location 
because of nesting and food requirements. These species are mostly permanent residents 
and are vulnerable to change (Stout, 1998). In comparison, eurytopic species (generalist 
species) have a broad range of tolerance and can occupy a number of different 
environments, nest in different places, have a varied diet, and usually comprise the largest 
percentage of a given assemblage of species. They are most often transients, wintering 
and/or summering birds that are successful in terms of survival, and can tolerate extreme 
environmental changes. Permanent resident, stenotopic species generally make better 
environmental indicators than eurytopic birds (Ibid.). 
2.4.1.1 Aquatic habitats 
Wetlands have been described as a halfway world between terrestrial and aquatic 
ecosystems that exhibit some of the characteristics of each (Wagner, 2004). They form 
part of a continuous gradient between uplands and open water. Wetlands tend to have 
seasonal and fluctuating conditions that make it difficult for one definition to adequately 
describe all wetland types. Wetlands have many distinguishing features, the most notable 
of which are the presence of water, unique wetland (hydric) soils, and vegetation adapted 
to, or tolerant of, saturated soils (Miller, 2000). Wetlands provide essential habitat for many 
species of fish and wildlife, including endangered species. 
Most sustainable design would encourage the preservation and restoration of natural 
wetlands, and the construction of wetland habitats. Wetland habitats provide a range and 
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quality of functions to preserving the biological integrity of a landscape. Wetlands preserve 
genetic and community diversity and provide food and habitat for migrating birds and other 
creatures. 
Birds are among the most eye-catching of wetland animals and various species are 
extremely sensitive to large hydrological changes (Crowder and Bristow, 1988). Aquatic 
birds, particularly waterfowl, are plentiful in almost all wetlands probably because of the 
food richness and the diversity of habitats for nesting and resting. Weller and Spatcher 
(1965) described how birds partition a typical marsh as they compete for food and nesting 
sites. Different species distribute themselves along an elevation gradient according to how 
well they are adapted to water (Mitch and Gosselink, 2000). 
Many studies have been conducted on bird species in aquatic and semi-aquatic habitats 
(see appendix B) and different classification of wetlands are represented (Mitch and 
Gosselink, 2000). According to the nature of this research, aquatic habitats can be 
classified as: Riparian and floodplain habitats, and, Wetlands and fresh water lakes. 
2.4.1.2 Riparian ecosystems 
According to Johnson and McCormick (1979), a riparian ecosystem is an ecosystem with a 
high water table because of proximity to an aquatic ecosystem, usually a stream, or a 
river. Riparian ecosystems usually occur as an ecotone between aquatic and upland 
ecosystems but have distinct vegetation and soil characteristics. Aridity, topographic relief, 
and presence of depositional soils most strongly influence the extent of high water tables 
and associated riparian ecosystems. Riparian ecosystems are uniquely characterized by 
the combination of high species diversity, high species densities, and high productivity. 
Continuous interactions occur between riparian, aquatic, and upland terrestrial ecosystems 
through exchanges of energy, nutrient, and species (Mitch and Gosselink, 2000). 
Although a large number of bird species use riparian vegetation at some time during the 
year, it is possible to define two sub-groups of land bird species that are especially reliant 
on riparian habitats during the breeding season. 
Riparian obligate species:  
These are species that place more than 90 per cent of their nests in riparian vegetation or 
for which more than 90 per cent of their abundance occurs in riparian vegetation during the 
breeding season. They may forage outside riparian vegetation. Without riparian vegetation 
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in good ecological condition, these species will not occur in a given area. Some species 
may be classified as obligates in one geographic area, but not another (Mitch and 
Gosselink, 2000.). 
Riparian dependent species: 
These are species that place 60 to 90 per cent of their nests in riparian vegetation or for 
which 60 to 90 per cent of their abundance occurs in riparian vegetation during the 
breeding season. Riparian dependents might still occur in an area if riparian vegetation 
was seriously degraded but their populations would be greatly reduced and they might not 
persist in the long-term. Some species may be classified as dependents in one geographic 
area, but not another (Ibid.). 
If there is a riparian area and there are no obligate and dependent birds, particularly 
understorey species that should occur in that geographic area during the breeding season, 
then the riparian vegetation may not be in as good a condition as it could be. 
Riparian habitats are known as critical habitats for some bird communities. Domestic cattle 
grazing will directly affect the bird community compositions in riparian areas (Jansen and 
Robertson, 2001). In this case, some indicator species can be identified as indicators of 
vegetation and habitat change. Also, bird assemblages can be considered as an indicator 
of water regime of wetlands in some areas with these conditions (Paillisson et al., 2002).  
2.4.1.3 Wetlands 
Birds, particularly waterfowl, are abundant in freshwater marshes. Waterfowl are plentiful 
in almost all wetlands probably because of the food richness and the diversity of the 
habitats for nesting. In northern hemisphere, waterfowl nest in northern freshwater 
marshes, winter in southern marshes, and rest in other marshes before resuming their 
migrations. 
Bird diversity and richness increase with forest and wetland extent in the landscape 
(Mensing et al., 1998). Mensing et al. (1998) calculated species richness and the Shannon 
Diversity Index among 15 riparian wetlands, considering the human disturbance areas at 
local and landscape scales (from 500 metres to 5000 metres from the site). They 
concluded that these studies for conservation and management purposes require 
assessment of different types of disturbance and several spatial scales. 
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Existing microhabitats within wetlands can be considered as critical spots for certain bird 
species. Thus, vegetation durability, vegetation height, vegetation density, water depth, 
and open water surface must be known to identify different kinds of microhabitats in 
wetlands (Ozesmi and Mitsh, 1997). Also, by knowing spatial variables such as distance to 
open water edge, distance to wetland edge, and stem density, GIS can be used to 
simulate the predators’ access. 
Floristic changes associated with wetlands may represent an adverse factor. For instance, 
the extensive spread of reed grass swamp on the Ouse Washes, eastern England, during 
the last two decades has led to a reduction of food quality for grazing wild fowl such as 
widgeon and swans (Burgess et al., 1990). 
2.4.1.4 Forests 
A forest usually is an area covered with a specific density of trees and shrubs and its 
significant understorey vegetation cover. However, forests have different classifications 
according to the type of study. According to a common classification: 
Forest: A continuous stand of trees at least 10 meters tall, with their crowns interlocking. 
Woodland: An open stand of trees at least 8 m tall with a canopy cover of 40 per cent. 
Grasses usually dominate the field layer. 
Thicket: A closed stand of bushes and climbers, densely interlocked to form an 
impenetrable community, usually 3 – 7 meters tall. 
 Shrub land:  An open or closed stand of shrubs up to 2 metres tall. 
In general, the more vertically diverse a forest is the more diverse will be its biota, for two 
main reasons. First, a more complex habitat contains more kinds of microclimates and 
microhabitats for more species (Hunter, 1999). Second, a more complex vertical structure, 
supporting more kinds of plants and animals, provides more diverse consumers (Malcolm, 
1995). Yet, there are exceptions to this relationship between vertical complexity and 
species richness, because other factors, such as biogeographical patterns and differential 
response to habitat structure among taxonomic groups, also influence richness (Hunter, 
1999). 
 18
Forests attract a large number of fauna because of the habitat suitability for most of them. 
This will especially include the birds that are associated with the vegetation, and for most, 
the existence of trees is vital to their life cycle. 
Birds show different levels of interest to various stands depending on the age of the 
stands. The bird species composition is highly related to the forest’s vegetation structure. 
The diversity of birds, and in particular the native species, is positively correlated with 
increasing structural complexity of the vegetation. Also a seasonal change in species 
diversity of birds occurs in forests due to their foraging behaviour (Robertson and 
Hackwell, 1995). 
Another factor that defines the species richness in forest habitats is the area. A study 
conducted in South Korea show the urban forests’ area is correlated with a number of 
species according to nesting sites, foraging sites and migration habits (Park and Lee, 
2000). This study also showed that the number of species using the bush was most 
sensitive to the size of the area. At the same time the surrounding vegetation structure and 
its distance to the forest habitats may affect the species composition in mountain forest 
fragments (Lescourret and Genard, 1994). Thus, the fragment size can be used to predict 
the species richness and composition in some areas. The isolation rate can be a good 
predictor of species occurrence, as well (Broton and Herrando, 2001). 
Sometimes the vegetation floristic will determine the occurrence of certain species. In this 
case, species which are dependent on some particular diet (eg. frugivorous birds), or a 
certain nesting or mating behaviour (eg. most passerines) are attracted to a definite plant 
community (Price et al., 1999, Gilmore, 1985). 
2.4.1.5 Grasslands and steppes 
Ecologically, grassland is a ground covered by herbaceous vegetation that is usually 
dominated by grasses (Miller, 2000). However, in some cases separated trees may occur. 
Most of the grasslands of the world are situated in semiarid region. These areas are 
usually located between humid and arid biomes and occur at high latitude and high 
altitude. Therefore, they may have some common habitat characterizations of both parts. 
However, a large number of birds are fully adapted to these habitats. The avifauna of 
semiarid zones is subjected to seasonally extreme temperature variations that necessitate 
seasonal breeding and a high incidence of migration (Maclean, 1996). 
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This habitat type is of great importance, because both Australia and Iran contain vast 
areas of arid and semiarid regions, covered by grasslands and steppes. 
Grassland ecosystems are dependent on periodic disturbance for habitat maintenance. 
Historically, grazing by native herbivores and prairie fires were the agents principally 
responsible for maintaining grassland areas. However, elimination of native herbivores, 
widespread fire suppression, and conversion for agriculture has greatly altered grasslands 
in the United States, Canada and many other regions. Because of these landscape 
changes, many grassland birds are increasingly dependent on land managers for habitat 
creation, maintenance, and health (Vickery et al., 1999). Also in sub-tropical savannas in 
Northern Territory, Australia, the bird species composition is under threat because of 
environmental changes (Franklin, 1999). Grazing and/or changed fire regimes are known 
to be the factors responsible for the extinction of at least two species after human 
settlement over a period of 150 years (Ibid). 
Populations of most avian species associated with grasslands have declined in North 
America over the last few decades. These declines may be related, in part, to changes in 
species composition and management of pastures and hayfields (Giuliano and Daves, 
2002). The positive response of birds to the use of warm-season grasses in pastures and 
hayfields appears to be due to the increased availability of undisturbed cover. 
individual species are not always used to determine the grassland condition. The 
assemblages of the breeding avifauna can sometimes be used to evaluate that (Browder 
et al., 2002). For such studies, a biological integrity for grasslands must be developed. 
This is based on proportion of habitat types and the relationships of these habitat types to 
breeding birds.  
Grasslands have different forms varying from wet grasslands and farmlands to savannas 
and dry steppes. These forms of habitats are usually located at the edge of other 
ecosystems (Colwell and Dodd, 1995). So the avifauna population and their species 
composition are higher in a mixed habitat pattern (Meunier et al., 1999). This can take 
effect particularly for roads that traverse forests and woods. In other words, road verges 
could be favourable to birds, if they constitute a complementary habitat to the dominant 
habitat within a landscape. 
Grass seeds are the most important food resource for granivorous birds in grasslands, 
especially during the critical seasons such as winter or drought. Any land use that affects 
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the seed abundance in grasslands, such as cattle grazing, will influence the bird 
population in that area (Gonnet, 2001, Giuliano and Daves, 2002). 
2.5 Effects of vegetation change and habitat fragmentation 
The habitats of plants change through time, and the plants change with them. Plants, in 
fact, are able themselves to change various aspects of the environment they inhabit. 
Succession occurs because altered environmental conditions favour certain species, 
which therefore can compete more successfully than before for nutrients, light, space and 
many other factors. As a result, populations of well-adapted species replace earlier ones 
now less well equipped to compete in the altered conditions. Thus, during the course of 
succession, individual species populations come and go, giving rise to a gradual 
progressive change in the community (Goudie, 1993). This can be considered as the 
natural process of vegetation change. But most of the time human presence is 
automatically changing the vegetation conditions. 
Human influence, through farming, cutting of forests, and urbanization, fragments the 
natural plant communities into smaller and smaller units. These activities affect not only 
the plant communities, but the animal communities as well (Adams, 1994). Habitat 
transformations can take many forms, and they have been listed thus in the World 
Conservation Strategy (Goudie, 1993): 
(a) Replacement of the entire habitat by settlements and other human constructions. 
(b) Replacement of the entire habitat by cropland, grazing land, plantations, etc. 
(c) Replacement of the entire habitat by mines and quarries. 
(d) The effects of dams, which drain certain habitats, block spawning migrations, and 
change water conditions (temperature, etc.). 
(e) Drainage, canalisation, and flood control. 
(f) Chemical, nutrient, and solid waste pollution. 
(g) Overexploitation of water, causing, for example, lakes to dry up. 
(h) Removal of materials, such as vegetation, soil, etc. 
(i) Dredging and dumping. 
(j) Overgrazing and over-browsing by domestic stock. 
(k) Erosion and siltation. 
(l) The introduction of invasive alien plants and animals. 
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Possibly one of the most fundamental ways in which humans cause changes in animal 
numbers and distribution is by reducing the area of natural habitat available to them. Many 
of the classic studies in biogeography have shown that the number of species living at a 
particular location is related to area (Ibid). Space is an important consideration, especially 
for those animals that require large expanses of territory. 
One of the consequences of vegetation change caused by human activities is habitat 
fragmentation. The impact of fragmentation is species specific. Habitat fragmentation can 
be classified into two kinds (Krebs, 2001): 
• Fine-grained habitat: a habitat is called fine-grained for a species if the patches are 
short distances apart and the species can move back and forth between patches with 
little cost. 
• Coarse-grained habitat: conversely a coarse grained habitat for a species requires 
long-distance dispersal, and individuals in coarse grain habitat typically live most or all 
their life in one patch. 
Species such as eagles that move over large areas may treat a fragmented habitat as 
continuous, whereas the exact same habitats may appear very coarse-grained to a plant 
with limited dispersal power (Rolstad, 1991). Scale is critical in fragmentation and 
ecological scales are species specific. 
There is a relationship between the number of species in an area and the size of that area. 
Throughout the world, larger islands support more species than smaller ones (Krebs, 
2001). In other words, if the number of species in a given area is plotted against island 
area (both on log scale), a linear relationship results: 
AZCS logloglog +=                                             (2.4) 
where S is the number of species, C is a constant giving the number of species when A 
has a value of 1, A is the area of the island, and Z is the slope of the regression line 
relating logS and logA. The value of C shows considerable variation from area to area and 
for different types of organisms, but Z is remarkably constant, with most values falling in 
the range 0.24-0.34 (Ibid). 
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2.5.1 Urban and sub-urban environments 
Until now, most studies on biodiversity are concerned with forests or other natural habitats. 
One of the reasons for this may be the complexity of urban and sub-urban parks, with a 
mosaic of quite different habitats (forest, scrub, hedgerow, wood pasture, pasture, lawns, 
gardens, ponds, buildings, roads and paths…). Thus, the species diversity of the urban 
habitats, including parks and gardens, can be extremely high (Gilbert, 1989). In most 
areas, urban and sub-urban parks play an important role in protection of certain bird 
species (Mortberg and Wallentinus, 2000).  
As urbanization often produces a local gradient of disturbance, one can also observe a 
gradient of homogenization. Synanthropic species (adapted to intensely modified built 
habitats at the urban core) are ‘‘global homogenizers’’, found in cities worldwide. However, 
many suburban and urban fringe habitats are occupied by native species that become 
regionally widespread. These suburban adapters typically consist of early successional 
plants and ‘‘edge’’ animal species such as ground-foraging, omnivorous and frugivorous 
birds that can utilize gardens, forest fragments and many other habitats available in the 
suburbs (McKinney, 2006). 
The distribution of many species can be affected by human changes to habitats. In Britain 
the tree pipit and the meadow pipit have similar requirements except that the tree pipit 
breeds only in areas having one or more tall trees. For this reason, the tree pipit is absent 
from many treeless areas in Britain that the meadow pipit inhabits (Krebs, 2001). 
The management of urban and sub-urban parks for nature conservation raises questions 
concerning the biodiversity of these parks. Hermy and Cornelis (2000) proposed a method 
for measuring the biodiversity of parks by determining habitat units and species diversity. 
They believe that this method summarizes the park’s biodiversity in an objective, 
standardised and repeatable way by means of biodiversity indicators. 
The number of bird species invading suburban areas in Australia is increasing and the 
status of many species is changing from occasional visitor to resident, with some species 
reaching higher numbers than in their natural environment (Parsons et al., 2003). For 
many bird species normally unable to survive within the urban landscape, remnant patches 
within and around cities provide an important refuge (ibid). 
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It is understandable that vegetation gaps will affect the abundance of sensitive species 
(Goldstein et al., 1986), but it is not a serious problem for most of the urban adapted birds 
(Brotons and Herrando, 2001, Noormohammadi, 2000, Boren et al., 1997). This will be 
one of the points that will lead to the development of indicators of urbanisation among the 
birds. 
Identifying bird species as indicators of environmental changes along urban habitats could 
be useful for the management of open spaces in growing towns. In such studies, the 
classification of habitat units is not only based on the diversity of vegetation, but also on 
the level of anthropogenic disturbance (Reynaud and Thioulouse, 2000). 
In urban areas, we can find some species that are well adapted to residential areas 
(Simpson and Day, 1996). For example, crows (Corvus corona) prefer nesting on trees 
next to high buildings rather than open areas (Noormohammadi, 2000). It is shown also 
that their population is greater in urbanized areas. 
2.5.2 Roads and habitat fragmentation 
Habitat fragmentation has many components with varying effects on population dynamics 
(Rolstad, 1991). The impact of fragmentation is species specific. Fragmentation of habitats 
can be analysed by considering the dynamics of populations subdivided into small 
patches. At one extreme, when patches are too small the species cannot survive (Krebs, 
2001). 
The process of degrading a tropical forest begins with a road, usually cut by logging 
companies (Miller, 2000). Once the forest becomes accessible, it can be cleared and 
increasingly degraded by a number of factors. In addition to forests, roads traverse 
different kinds of habitats; therefore they have various levels of effect on bird species, 
depending on their sensitivity. Roads contribute to biodiversity loss, both directly via 
animal mortality related to traffic (Bernard et al., 1987), and indirectly through the 
destruction and fragmentation of habitats (Meunier et al., 1999). This mostly happens for 
highways and wide roads with high traffic.  
It is obvious that species typical of the habitat traversed by roads, are avoiding roadsides, 
but numerous species could be attracted to the newly created habitat on the roadsides 
(Meunier et al., 1999, Broton and Herrando, 2000). 
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2.5.3 Farming 
Agricultural and pastoral lands now dominate many regions of Australia (Simpson, 1996). 
Vegetation changes caused by farming activities can affect both nesting success and food 
supply for bird species (Ford et al., 2001). This will cause edge effects and will lead to 
changes in species composition, which will consequently increase the interspecies 
competition.  
One of the most effective farming activities that highly affect avifauna is cattle grazing. 
Grass seeds are the most important food resource for granivorous birds during winter. 
Gonnet (2001) showed that the density and species richness of particular granivorous 
birds are higher in ungrazed sites. However, woody vegetation that serves as safe nest 
sites can also be of importance (ibid). 
2.5.4 Deforestation and reforestation 
Deforestation is another cause of habitat loss and fragmentation. Humans convert forests 
to pastures, and agricultural fields to suburbs, with relatively little thought to the ecological 
consequences of these land-use changes. But these changes in land-use, hectare by 
hectare, are among the most serious impacts on global ecosystems (Vitousek, 1994), and 
they are difficult to quantify. 
The availability of satellite data does not necessarily make measures of land-use changes 
easier to measure, for two reasons (Krebs, 2001). First, interpreting satellite data is not a 
simple matter, and for global measurements that demand high resolution, satellite images 
that are checked with field data collected on the ground are very expensive. The second 
reason is that different definitions for land classification cause confusion in measuring 
land-use changes. For example, one study by FAO (Food and Agricultural Organization of 
the United Nations) estimated deforestation to occur at 0.6 per cent per year, whereas a 
simultaneous study by NRSA (National Remote Sensing Agency, India) estimated a 
deforestation rate of 0.04 per cent per year (Menon and Bawa, 1998). 
Having better satellites will not necessarily solve the second problem of defining 
ecosystem types that can be seen using satellite imagery. Tropical deforestation is 
estimated at 8 per cent per decade (Watson, 1999), but this is an educated guess rather 
than an ecological measurement (Krebs, 2001). 
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Changes in land-use have a dual effect: in habitat lost for plant and animal communities, 
and habitat fragmentation with its associated problems. In case of avifauna, habitat 
fragmentation caused by deforestation shows a greater importance, particularly for 
migratory birds (Caterall et al., 1998). Also in the deforestation process, if reduced-impact 
logging practices are not implemented during selective logging operations in tropical 
forests, consequent long-term changes in vegetation structure may result in significant 
declines in the population of some forest dependent species (Sekercioglu, 2002). 
A case study concerning the avifaunal changes due to deforestation in Brazil has shown 
that a community strongly dominated by a few bird species, at least four of which 
apparently were uncommon in the last century, has replaced the more diverse community 
of the original forest. Species that had increased in the area were small forest birds that 
feed on small insects in the understorey. Those that declined included species with 
specialised food requirements or feeding behaviour and species at the limit of their 
distributional range (Christiansen and Pitter, 1997). 
The increasing rate of tropical deforestation is a major threat to global bird diversity (Collar 
et al., 1994), and tropical reforestation is thus a key action for bird conservation. Two 
processes are responsible for reforestation of degraded sites: natural succession leading 
to the development of secondary forest (Corlett, 1994) and plantation forestry (Evans, 
1992). 
Humans are not the only cause of deforestation. Fire is one of the main natural causes of 
deforestation, but man causes changes in the fire regime. The most sensitive forests to fire 
are the pine forests (Latta et al., 2000). To decrease the risk of fire in pine forests and 
produce a better conservation of the related avifauna, it is recommended to expand 
mature pine vegetation in such areas. 
The attempt to bring back the species that once existed in a forest area can be successful 
by protecting the remaining patches of the original forest (Impery et al., 2002). This 
suggests that habitat management should focus on the protection of existing wooded 
patches to allow forest maturation and expansion of afforested areas. 
2.6 The use of remote sensing 
Remote sensing may be defined as the science of acquiring, processing, and interpreting 
images and related data obtained from aircraft and spacecraft that record the interaction 
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between matter and electromagnetic energy. However, there are different definitions for 
remote sensing provided in the literature (Curran, 1985; Harrison and Jupp, 1989; Buiten 
and Clevers, 1993; Lo, 1986; Avery and Berlin, 1992; Schowengerdt, 1997; Sabins, 1997). 
The electromagnetic spectrum can be divided into wavelength regions. The regions 
employed in remote sensing range from short-wavelength UV energy to the long –
wavelength microwave energy. The electromagnetic regions are further subdivided into 
narrow wavelength bands. Electromagnetic energy interacts with matter by being 
scattered, reflected, transmitted, absorbed, or emitted. 
2.6.1 Remote sensing systems 
Two major categories are used for remote sensing purposes: framing systems and 
scanning systems. However, another classification can be used for remote sensing system 
that is: active, and passive.  
2.6.1.1 Framing systems 
Framing systems directly acquire an image of an area, or frame, on the terrain. Cameras 
and vidicons are common examples of such system. A camera employs a lens to form an 
image of the scene at the focal plane, the plane at which the image is sharply defined. A 
shutter opens at selected intervals to allow light to enter the camera, where the image is 
recorded on photographic film. A vidicon is a type of television camera that records the 
image on a photosensitive electronically charged surface. An electron beam then sweeps 
the surface to detect the pattern of charge differences that constitute the image. The 
electron beam produces a signal that may be transmitted and recorded on magnetic tape 
for eventual display on film. 
2.6.1.2 Scanning system 
A scanning system employs a single detector with a narrow field of view that is swept 
across the terrain to produce an image. When photons of electromagnetic energy radiated 
or reflected from the terrain encounter the detector, an electrical signal is produced that 
varies in proportion to the number of photons. The electrical signal is amplified, recorded 
on magnetic tape, and played back later to produce an image. All scanning systems 
sweep the detector’s field to view across the terrain in a series of parallel scan lines. 
In other words, a scanner builds a two-dimensional image from scan lines using detectors 
that produce electrical signals proportional to the energy received from the earth surfaces. 
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The forward motion of the aircraft or spacecraft causes a new strip of ground to be 
covered by successive scan lines (Johnston, 1998). Electro-optical scanners contain a 
mirror that rotates from side to side along scan lines oriented perpendicular to the path of 
the aircraft, whereas push-broom scanners contain a one-dimensional linear array of 
detectors that sense the scan line simultaneously. The SPOT satellite sensors use push-
broom scanners, whereas the older LANDSAT system uses a moving mirror design. There 
are scanners designed for a variety of wavelengths, including visible, near infrared, 
thermal infrared, and microwaves. Satellite remote sensing is done almost exclusively with 
scanners (Johnston, 1998). 
Passive remote sensing 
Passive remote sensing systems record the energy that naturally radiates or reflects from 
an object. Two examples for passive photography are the normal daylight photography 
and infrared thermal photography. Compared to the active remote sensing system, 
passive remote sensing system does not require an extra source of radiation and can use 
natural existing radiation such as sunlight or heated objects. This type of remote sensing is 
used widely to study different aspects of land cover.  
Active remote sensing 
Radar is an active remote sensing system because it provides its own source of energy. 
The system illuminates the terrain with electromagnetic energy, detects the energy 
returning from the terrain, and records the return energy as an image. RADAR is the 
acronym for “Radio Detection and Ranging”. It operates in the microwave band of the 
electromagnetic spectrum, ranging from millimetres to metres in wavelength. The reflection 
of radio waves from objects was noted in the late 1800s and early 1900s. Definitive 
investigation of radar began in the 1920s in the United States and Great Britain for the 
detection of ships and aircraft. Radar was developed during World War II for navigation 
and target location and used the familiar rotating antenna and circular cathode-ray-tube 
(CRT) display. Fischer (1975) has prepared a comprehensive history of radar 
development. Moore (1983) and Moore et al. (1983) give details of radar theory and 
practice.  
2.6.2 Satellite images 
The major disadvantage of satellite imagery, compared to aerial photography, is relatively 
poor spatial resolution. Satellite images can provide data about plant communities and 
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environmental conditions, but are unsuitable for studies of individual organisms. Clouds 
and atmospheric effects also interfere with satellite imagery, because the reflected energy 
must pass through the earth atmosphere before reaching the satellite in space. 
Furthermore, because satellite imagery relies on spectral reflectance, it is applicable only 
to features and phenomena that have distinguishable spectral characteristics (Johnston, 
1998). 
2.6.2.1 Satellite image resolutions 
In very broad terms, resolution refers to the ability of a remote sensing system to record 
and display fine spatial, spectral, and radiometric detail. A working knowledge of resolution 
is essential for understanding both practical and conceptual aspects of remote sensing. 
Our understanding or lack of understanding, of resolution may be the limiting factor in our 
efforts to use remotely sensed data, especially at coarse spatial resolution. 
Estes and Simonett (1975) define resolution as “the ability of an image system … to record 
fine detail in a distinguishable manner”. This definition includes several key concepts. The 
emphasis upon the imaging system is significant because in most practical situations it 
makes little sense to focus attention upon the resolving power of a single element of the 
system (e.g., the film) if another element (e.g., the camera lens) limits the resolution of the 
final image. Fine detail is, of course, a relative concept, as is the specification that detail be 
recorded in a distinguishable manner. Both of these aspects of the definition emphasize 
that resolution can be clearly defined only by operational definitions applicable under 
specified conditions. 
For the present, it is sufficient to note that there is a practical limit to the level of detail that 
can be acquired from a given aerial or satellite image. This limit is defined informally as the 
resolution of the remote sensing system, although it must be recognized that image detail 
also depends upon the character of the scene that has been imaged, atmospheric 
conditions, illumination, and the experience and ability of the image interpreter. 
Spatial resolution 
Spatial resolution is related to the resolving power to distinguish image details. As image 
processing is a multidisciplinary field, there are many ways to specify spatial resolution, 
each one is application oriented. In remote sensing, it is common to specify the spatial 
resolution as the size each pixel represents in the real world by the terms ground 
resolution element and ground resolution distance. As an example, the LANDSAT has 
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resolution ranging from 30 m to 120 m. In this case the smaller the resolution distance, the 
better one can resolve image spatial contents.  
Spectral resolution 
Most individuals think of resolution as spatial resolution, the fitness of the spatial detail 
visible in an image. Fine detail in this sense means that small objects can be identified on 
an image. However, other forms of resolution are equally important. One is spectral 
resolution that denotes the ability of a sensor to define fine wavelength intervals.  
2.6.3 Satellite image processing 
Digital remote sensing data can be interpreted by computer programs that manipulate the 
data recorded in pixels to yield information about specific subjects. This kind of analysis is 
known as image processing, a term that encompasses a very wide range of techniques. 
Image processing requires a system of specialized computer programs tailored to the 
manipulation of digital image data. Although such programs vary greatly in purpose and 
detail, it is possible to identify the major components likely to be found in most image-
processing systems. 
A separate, specific portion of the system is designed to read image data, usually from 
CD-ROM or other storage media, and to reorganize the data into the form to be used by 
the program. Another portion of the system may permit the analyst to subdivide the image 
into sub images; to merge, superimpose, or mosaic separate images; and in general to  
prepare the data for analysis. The heart of the system of a suite of programs that analyse, 
classify, and manipulate data, produces output images, statistics, and data that may 
accompany them. Finally, a section of the image-processing system must prepare data for 
display and output, either to the display processor or to the line printer. In addition, the 
program requires “house-keeping” subprograms that monitor movement and labelling of 
files from one portion of the program to another, generate error messages, and provide 
online documentation and assistance to the analysts. 
Widely used image-processing systems run on personal computers, Macintoshes, or 
workstations. Systems that are more elaborate can be supported by peripheral equipment, 
to include extra mass storage, digitisers, scanners, colour printers, disk drives, and related 
equipment. Almost all such systems are directed by menus and graphic user interfaces 
that permit the analyst to select options from a list on the screen. 
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2.6.3.1 Vegetation Index (VI) 
Vegetation indices (VIs) attempt to measure biomass or vegetative vigour. A vegetation 
index is formed from combinations of several spectral values that are added, divided, or 
multiplied in a manner designed to yield a single value that indicates the amount or vigour 
of vegetation within a pixel. High values of the vegetation index identify pixels covered by 
substantial proportions of healthy vegetation. The simplest form of vegetation index is a 
ratio between two digital values from separate spectral bands. Some band ratios have 
been defined by applying knowledge of the spectral behaviour of living vegetation. 
For living vegetation, the ratio strategy can be especially effective because of the inverse 
relationship between vegetation brightness in the red and infrared regions. That is, 
absorption of red light by chlorophyll and strong reflection of infrared radiation by 
mesophyll tissue assures that the red and near infrared values will be quite different, and 
that the ratio of actively growing plants will be high. Non-vegetated surfaces, including 
open water, manmade features, bare soil, and dead or stressed vegetation will not display 
this specific spectral response, and the ratios will decrease in magnitude. Thus, the 
infrared/red ratio can provide a measure of photosynthetic activity and biomass within a 
pixel. 
Some of the most commonly used image processing systems are: 
• ER Mapper (Earth Resources Mapping).  
• EASI/PACE (PCI Geomatics Headquarters.  
• ENVI (Research systems Inc.)   
• ERDAS Imagine (ERDAS Inc.).  
• GRASS GIS (Centre for Applied Geographic and Spatial Research).  
• IDRISI (The IDRISI Project).  
Vegetation indices may be particularly useful for predicting habitat suitability for animals in 
arid regions (Verlinden and Masogo, 1997). Such techniques have become commonly 
used tools in wildlife management (Foster et al., 1997). 
Animal distribution is often closely linked to that of vegetation. Thus, satellite imagery can 
be used indirectly to determine the distribution and abundance of at least some of the 
species. For example, the influence of caribou grazing on lichen biomass and percentage 
ground cover (Arseneault et al., 1997), and buzzard (Buteo buteo) nesting areas were 
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predicted with the aid of vegetation cover indices derived from satellite imagery (Austin et 
al., 1996). 
2.6.3.2 Principal Components Analysis (PCA) 
In the context of image processing, the term feature extraction (or feature selection) has 
specialized meaning. Features are not geographical features, visible on an image, but are 
rather “statistical” characteristics of image data: individual bands or combinations of band 
values that carry information concerning systematic variation within the scene. Thus, 
feature extraction could also be known as “information extraction”, isolation of components 
within multi-spectral data that are most useful in portraying the essential elements of an 
image. In theory, discarded data contain noise and errors present in the original data. 
Thus, feature extraction may increase accuracy. In addition, feature extraction reduces the 
number of spectral channels, or bands that must be analysed, thereby reducing 
computational demands.  
After feature selection is complete, the analyst works with fewer but more potent channels. 
The reduced data set may convey almost as much information as does the complete data 
set. Feature selection may increase speed and reduce costs of analysis. 
Multi-spectral data, by their nature, consist of several channels of data. Although some 
images may have as few as three, four, or seven channels, other image data may have 
many more, possibly 200 or more channels. With so much data, processing of even small-
sized images requires considerable time. In this context, feature selection assumes 
considerable practical significance, as image analysts wish to reduce the amount of data 
while retaining effectiveness and/or accuracy. 
A common approach to feature selection applies a method of data analysis called Principal 
Component Analysis (PCA) (Davis, 1986). Principal component analysis identifies the 
optimum linear combination of the original channels that can account for variation of pixel 
values in an image.  
The effectiveness of this procedure depends on the calculation of the optimum 
coefficients. Calculation of the coefficients is accomplished by complex methods, such as 
those given by upper-level statistics texts or discussions such as that of Davis (1986). For 
the present, the important point is that principal components analysis permits identification 
of a set of coefficients that concentrates maximum information in a single band. 
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2.6.4 Remote sensing and habitat assessment 
The possibility  of classifying extensive areas of land very rapidly from digital satellite 
imagery provides, for certain types of landscapes and species, increased opportunities to 
develop quantitative models of the relationship between land cover and species diversity 
and abundance. The very large number of samples that can be extracted from satellite 
imagery provides a rigorous method for the development and testing of statistical models. 
Results of such models can subsequently be applied to the broad areas covered by 
satellite images. 
Since this study will investigate the avifauna abundance related to some biophysical 
factors, mainly the vegetation type, it is necessary to discuss different vegetation 
classification methods using satellite imagery and remote sensing. 
2.6.4.1 Vegetation classification 
Depending on the purpose of the study, there are different ways to classify the vegetation. 
For example, some prefer climatic terms (such as Savana), defined to occur where certain 
climatic conditions are met. Others prefer to use structural terms (such as low open 
woodland with a lower stratum of tussock grasses). Structural terms indicate the type of 
vegetation layers, the height of the tallest layer and its ability to intercept solar energy 
(Chapman and Godrington, 1993). 
2.6.4.2 Structural classification 
A structural classification of vegetation based on differences in growth form (trees, shrubs, 
and grasses), height density, leaf size, and texture, or the horizontal spacing of plants, 
would produce too much detail for use on a small regional scale (Chapman and 
Godrington, 1993). 
2.6.4.3 Habitat assessment using vegetation classes 
Remote sensing has the potential to quantify habitat characteristics at a landscape scale 
and in three dimensions (Hill et al., 2002). Airborne Laser Scanning (ALS) is a remote 
sensing technique that can be used to measure height. ALS can be used to measure 
vegetation height across woodland and thus provide a three-dimensional map of the 
canopy surface of the wood. Then the remote-sensed vegetation height can be compared 
with field-based estimates of tree canopy structure to quantify habitat quality for woodland 
birds (Hinsley et al., 2002). 
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An integrated remote sensing field ecology project linked the use of Synthetic Aperture 
Radar (SAR) and aerial photography to studies of landscape spatial heterogeneity and bird 
community ecology over a section of Kakadu National Park in Australia’s Northern 
Territory (Imhoff et al., 1997). This study indicates that SAR data are able to distinguish 
structural differences relevant to bird habitat quality within floristically homogeneous 
stands, while multispectral sensors successfully identify floristic differences among habitat 
types. 
2.7 The use of Geographic Information System (GIS) 
Recently, there has been a revolution in the availability of information and in the 
development and application of tools for managing information. Information needs for 
biodiversity are many and varied. Any database that deals with biodiversity information has 
to be geographically based, and able to predict where new populations of endangered 
species with a limited known range might be expected, indicating potential hot spots. An 
important tool for monitoring biodiversity is a geographic information system (GIS), which 
accommodates large varieties of spatial and a spatial attribute data. The information 
embedded in a GIS is used to target surveys and monitoring schemes. Data on species 
and habitat distribution from different dates allow monitoring of the location and the extent 
of change (Salem, 2003, Powell et al., 2005). 
One way of visualizing what a GIS can do is to think of them as being able to handle many 
layers of map information relating to an area. Each layer describes a different aspect of its 
geography. One layer might hold data on geology, another on soils. Subsequent layers 
might include data on land cover in the area, species distributions, or the socio-economic 
characteristics of the human population in the area. The power of GIS lies in the fact that 
data from any combination of these layers might be used to solve a particular problem. 
Furthermore, as problems change, the data can be processed in different ways to address 
different issues in a highly flexible way. Although the ability to handle spatial information in 
the form of maps is important, GIS can also hold non-spatial attribute information, which 
can be associated with the various map features in a database management system of 
some kind. These data can also be used to access the map information. A fuller account of 
the technical background to GIS, with particular reference to the landscape ecologist, can 
be found in Johnson (1996). Burrough (1986) and Maguire et al. (1991) provide more 
description of the topic. 
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Geographic Information Systems have enabled ecologists to organize information 
gathered across broad geographic regions in a spatial database and perform analyses at a 
scale that was previously difficult to achieve (Miller, 2000). 
Urbanization produces fundamental changes in ecosystem structure and populations. GIS 
can also be used to study urbanization impacts on habitat and avian populations (Green 
and Baker, 2003). This method measures habitat structure and species composition at 
each sample point and a variety of landscape-habitat metrics are measured from aerial 
photographs and their location recorded, using a geographical information system (GIS). 
Increasingly, ecologists are using new technologies to collect field data. Remote sensing 
from aircraft and satellites has allowed ecologists to collect data at scales that can include 
many interacting ecosystems and even whole biomes. Remote sensing is the 
measurement of reflected, emitted, or back-scattered electromagnetic radiation from the 
earth’s surface, using instruments placed at a distance, most often on a satellite, although 
aircraft are also used (Southwood and Henderson, 2000). 
2.7.1 Data requirements for a GIS analysis 
As an abstraction of real world phenomena, geographic data can only provide a best 
guess at the location, geometry and attribute characteristics of the entities that it 
represents. Numerous factors contribute to this approximation that can vary greatly from 
one digitally mapped product to another. As a result, when comparing a set of data to 
another in a geographic information environment, the analyst must be aware of those 
contributing factors that have defined and shaped the abstractions presented. 
A Geographic Information System is one of a number of valuable tools that assist 
scientists and decision makers in integrating diverse data, establishing estimates of costs, 
determining decision impacts, and building landuse and ecological scenarios. Before 
proceeding with analysis there are a number of issues which should be recognized and 
addressed (Heit et al., 1996): 
• How we can ensure that we can best understand different data formats? 
• How can we be confident that the data is sufficiently accurate for our needs? 
• How do we handle data collected at different times? 
• What are the real implications of using data available on different datum? 
• What kind of tools do we need to carry out appropriate data analysis? 
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The present study requires the combination and analysis of data from different sources; 
more time is typically spent addressing the above issues than carrying out the actual 
analysis of concern. Given that the time required to sufficiently address these issues is 
often underestimated, the required final product may never be delivered in a suitable and 
complete form. 
2.7.2 Thematic data 
In general, thematic maps (layers) can be grouped into two types: coverage and fields 
(Freisen and Sondheim, 1994). Examples of coverage are forest species or land use. 
Each feature shown, has one or more attributes that make it unique from its immediate 
neighbourhood. In these situations there is no concept of a single value or rating that 
describes one area or point from the other. Examples of fields are agricultural capabilities 
or erosion potential. These features are rated in accordance to some measuring scheme 
such as high, medium or low. In this case, the rating is the unique factor that separates 
one feature from another. A field is often considered as a series of observations of a 
continuous phenomenon, covering a given region. Another example of fields that are 
commonly used is the digital elevation model, or contour lines. Fields can be expressed in 
many different ways based on differences in structure, behaviour, and appropriate 
operation. 
2.8 Birds as biodiversity indicators 
The main idea of biological diversity arose when it was realized that there is a general 
increase in environmental complexity as one proceeds towards the tropics (Krebs, 2001). 
The more heterogenous and complex the physical environment, the more complex the 
plant and animal communities are, and thus the higher the species diversity (Ibid). 
Heterogeneity can be considered on both a large and a small scale. An environmental 
factor that causes the spatial heterogeneity is the topographic relief. It may have a strong 
effect on species diversity in some group of organisms. For example, the highest diversity 
of mammals in the United States occurs in mountainous areas (Simpson, 1964). However, 
topographic relief is one of the several factors that cause diversity, and the question is how 
to assess the complexity of biodiversity. 
Ecological communities contain different species in many taxonomic groups. This was the 
main factor that encouraged scientists to search for a shortcut in defining communities and 
detecting changes in them. It led them to select one or a few species that reflect the 
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environment. These species are known as indicator species. The presence and changes 
in numbers of the indicator species are assumed to reflect changes in other members of 
the ecosystem (Landres et al., 1988, Noss, 1999). Thus, ecosystem management is 
simplified by concentrating on a few important species. Bayliss et al. (2006) showed that 
by developing a multispecies approach consisting of species with a similar biology, 
conservation effectiveness can be achieved. 
Ecosystems are complex and their management can be aided by the use of indicators to 
evaluate ecosystem trends and health (Muller et al., 1999). Some of the advantages of 
using birds are as follows. Birds are relatively easy to detect, identify and census. Their 
taxonomy is well resolved and the general level of our understanding of their population 
biology and behaviour is extremely high. Birds are wide-ranging in habitat distribution, 
moderately abundant, are of moderate body size, and have moderate life spans. These 
characteristics result in population responses to environmental change at moderate spatial 
and temporal scales. Birds tend to be at, or near, the top of the food chain and are thus 
responsive to signals that accumulate through the chain (the most obvious examples being 
persistent pollutants). There are often good historical and contemporary data on bird 
population changes and these data are realistic and relatively inexpensive to collect. In 
some situations, at least, birds can reflect changes in biodiversity and are responsive to 
environmental change. In addition, and importantly, birds can have considerable 
resonance and symbolic value with many audiences, from the public to decision-makers, 
in a way that other taxa do not.  
On the other hand, some characteristics of birds make them less suitable as indicators. 
For example, migratory habits and their wide-ranging nature make it difficult to link their 
populations with specific drivers on the ground. Moderate body size means birds are 
slower to respond numerically to change compared with smaller-bodied taxonomic 
categories and they do so at a larger spatial scale. A low degree of specialization in some 
species makes any link to specific environmental conditions and drivers much more 
difficult to discern. There are also situations in which positive population trends in birds can 
be associated with environmental degradation, for example the euthrophication of 
wetlands and the response of some water birds (van Impe, 1985, Furness, 1983), and the 
increase of non-native populations (Hughes et al., 1999). It is instructive to assess birds 
against the criteria for health and population indicators suggested by Caro and O’Doherty 
(1999). They attempted to provide some clarification and guidelines for the application of 
different indicators as surrogates. For each type of surrogate, they briefly described the 
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way it has been used in conservation biology and then examined the criteria that 
managers and researchers use in selecting appropriate surrogate species. By juxtaposing 
these concepts, it became clear that both the goals and selection criteria of different 
surrogate classes differed substantially, indicating that they should not be combined. They 
concluded that this could be facilitated by first outlining the goals of a conservation study, 
explicitly stating the criteria involved in selecting a surrogate species, identifying a species 
according to these criteria, and then performing a pilot study to check whether the choice 
of species was appropriate before addressing the conservation problem itself. Surrogate 
species need to be used with greater care if they are to remain useful in conservation 
biology. Strict comparison is difficult because the attributes are described in broad terms, 
but birds seem to score well on four of the five classes of the attributes considered. They 
compare worst in relation to life-history traits where Caro and O’Doherty (1999) advocate 
small body size, short generation times, and high metabolic rates, so that environmental 
change can be detected rapidly. As described above, this means bird populations will 
respond to change on a moderate time-scale, but this in itself does not appear to prevent 
their use as indicators. In short, there are numerous difficulties in using birds (in fact, any 
individual taxonomic group) as indicators of wider components or attributes of biodiversity. 
The aim of this research is to investigate the possibility of developing indicators among 
avifauna, which in turn are an important component of biodiversity. The presence of some 
bird species is indicative of at least some ecosystem types and their condition (Browder et 
al., 2002, and Horst and Gimona, 2005). This thesis contains a classification of selected 
types of bird habitats and models their habitats and their distribution. Habitat modelling is a 
useful conservation tool for predicting patterns of biological diversity, or for the 
identification of geographical areas suitable for conservational initiatives. Mapping can also 
improve our understanding of the appropriateness of habitat areas for individual species 
(Lenton et al., 2000).  Studying habitat selection through modelling may provide useful 
information on the relationships between the species and their environment, especially on 
potential effects of nest sites availability and/or quality that may arise in the long term 
(Olivier and Wotherspoon, corrected proof). 
2.9 Data analysis techniques 
Depending on the aims of avian studies, different data collection methods can be used for 
analysis. A wide range of methods have been used to conduct avian monitoring, each 
designed to meet a different set of objectives.  
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2.9.1 Monitoring methods 
Below is a short review of monitoring methods available, based on Butcher (1992) and 
Ralph et al. (1993). Descriptions of monitoring methods, their applications and 
comparisons, and their limitations can be found in Ralph and Scott (1981), Verner (1985), 
Butcher (1992), Ralph et al. (1993), Buckland et al. (1993), and Geupel and Warkentin 
(1995). 
2.9.1.1 Area search 
Area search is a method in which observers are allowed to roam for a fixed time in a 
specified area, usually 20 minutes per 3 hectare area (Loyn, 1986, Slater, 1994). This 
technique has a wide appeal to volunteers but standardization of data collection is difficult. 
2.9.1.2 Point counts 
A fixed radius point count is the basic method recommended for most monitoring studies, 
and is the most widely used (Hutto et al., 1986, Ralph et al. 1993, Ralph et al., 1995). 
These can provide a cost-effective method of estimating the relative abundance of birds. In 
this method, the observer records the individual bird species within a radius where the 
observations are taking place. The observation points can be selected either 
systematically or random. 
2.9.1.3 Line transect 
Fixed-width transects can provide coverage of a greater area than point counts, but with 
fewer independent data points or replicates. In this method the observer moves along 
predefined paths and records the observed species on both sides of the track. The width 
of the observation area depends on the weather conditions, vegetation density, 
topography, or predefined width. 
2.9.1.4 Variable distance methods 
Estimating distance at which birds are detected can be incorporated into both point count 
and line-transect surveys. Standardization of distance estimation may be difficult, as 
abilities to accurately estimate distances may vary greatly between observers. 
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2.9.1.5 Spot mapping 
This method can provide good density information and information on many aspects of 
avian life history. It is expensive per data point and may be better applied to research 
projects or to high priority areas or species. This method provides bird data at a specific 
location where it is constantly under surveillance. 
2.9.2 Analysis of vegetation and habitat characteristics 
Data on vegetation and habitat features can play an important role in avian monitoring 
studies. These data can be gathered at different scales and in many different ways. 
Methods of vegetation data collection are described in many publications, including Ralph 
et al. (1993), the BBIRD program protocol (Martin et al. 1997), and Hays et al. (1981). One 
of the most influential vegetation assessment protocols developed for use with bird studies 
is by James and Shugart (1970), with modifications by Noon (1981).  
Vegetation data can be collected and analysed at several different scales. The broadest is 
habitat classification and is qualitative (categorical) rather than quantitative. This level 
includes most vegetation maps and can be used to select the vegetation types for study. 
The next broadest scale is the “stand” level. This scale is commonly used to ground-proof 
aerial photographs and, depending on methods, to construct bird-habitat (or bird-
vegetation) correlations, making use of point count and line-transect data. The third scale 
involves vegetation used to characterize the study area at a smaller scale than the first 
methods, often within a radius of 11.28 m following James and Shugart (1970). In some 
studies, plots are centred on nests or other sites of bird use (“use sites”), while others 
(“non-use sites”) are randomly placed for comparison within the study area. This scale 
allows data that are more quantitative in nature to be collected, compared to other scales. 
Examples of studies using this scale are Knopf et al. (1988) ,and Larson and Bock (1986). 
This scale provides a good means to establish bird-habitat relationships; such data can be 
gathered quickly, accurately and efficiently. The finest scale of vegetation measurement is 
around the nest, nest plant or other micro-habitat features (Martin and Roper 1988; Martin 
et al., 1997). Cunningham (2006) believe that increasing availability of land cover data 
offers new opportunities for landscape-level environmental research; accuracy reports for 
these data are frequently high, but for landscape-level studies, accuracy reports can be 
misleadingly optimistic. 
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Currently there is little agreement among biologists on the methods, and even the scale, of 
vegetation data collection needed to correlate with bird abundance, habitat needs, 
distribution, and behaviour. Therefore, it is not possible at this time to recommend a single 
approach for analysis of vegetation data since the data analytic approach will depend on 
how the data were collected. In Chapter 3, data standardization, both for birds and 
vegetation, will be discussed. 
2.9.3 Presence-absence versus presence-only data analysis 
Habitat-suitability modelling is being increasingly used as a tool for conservation biology. 
There is a scarcity of published work on local, high-resolution applications of such models 
(Seoane et al., 2006). There are different methods to generate habitat suitability models 
for species. A major difference between them is the quality of data needed. A first group of 
methods includes generalized linear models (GLM), generalized additive models (GAM), 
classification and regression tree analyses, and artificial neural networks (ANN). These 
methods require good quality presence/absence data in order to generate statistical 
functions or discriminative rules that allow habitat suitability to be ranked according to 
distributions of presence and absence of species (Manel et al., 1999, Guisan and 
Zimmerman, 2000). A second group of methods include the Ecological Niche Factor 
Analysis (ENFA), Bioclim and Domain. These methods require presence data only and 
were developed to allow use data where information of absences is inadequate or 
unavailable (Carpenter et al., 1993, Hirzel et al., 2002, Farber and Kadmon, 2003). 
Such methods rely on the definition of environmental factors around locations where 
species have been observed, which are then compared to the environmental conditions of 
the whole landscape (Hirzel et al., 2002). Using a virtual species with predefined habitat 
selection preferences, Hirzel et al. (2001) compared model performances of a method 
based on species presence only (ENFA) with a method that requires both presence and 
absence data (GLM). When species were modelled to use all optimal habitats with a high 
probability and modelled to use sub-optimal habitats with lower probabilities, then GLM 
was more accurate. 
Logistic regression is a broadly applicable method. It is particularly suited for the analysis 
of binary outcomes; that is, any situation in which the outcome can be scored either “1” or 
“0”, and in which the probability of that outcome can be related to one or more 
independent variables. Since this research deals with the presence or absence of species 
at particular sites, this method can be assumed the best approach to identify indicators 
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among avifauna. Another approach might be the analysis of environmental factors that 
relate to nest site selection, comparing sites with nests (scored 1) and sites without nests 
(scored 0). Important features of logistic regression include the following:  
The outcome variable in logistic regression is modelled as a linear combination of predictor 
or independent variables. However, an important distinction arises because the response 
variable is measured on a binary level, therefore the error term has a binomial distribution, 
not a normal distribution. Linear regression estimates the mean of a dependent variable for 
a set of predictor values, while logistic regression estimates the proportion of responses in 
one of two possible outcomes given a set of predictor values. 
Unlike linear regression, the outcome (e.g., survived or died, scored 1 or 0) is first 
transformed before being analysed. If p refers to the probability of survival, then logistic 
regression analyses the natural logarithm of [p/(1-p)]. Therefore p/(1-p) can be thought of 
as the odds of survival. In the case of simple logistic regression (analogous to simple 
linear regression), the relationship being modelled is: logit p = a + bx, where x is the 
independent variable, and b is the regression coefficient. One can use the logistic equation 
to provide the expected or predicted proportion of “successes” for a given x value. 
Logistic regression makes no assumptions about the independent variables, unlike 
discriminant analysis which assumes that the independent variables are distributed as a 
multivariate normal. Logistic regression does, however, assume independence of outcome 
among all observations.  
2.10  Conclusion 
The first step toward indicator determination among avifauna is to understand habitat 
suitability by modelling habitat preferences. Studying the bird-environment relationship is a 
complex process. Resources for nature conservation initiatives are generally limited; 
therefore a spatially explicit targeting approach aimed at identifying the most viable sites 
has the potential to maximise conservation effectiveness (Bayliss et al., 2006). At the first 
instance, a reliable understanding of both the species, and factors in its environment that 
affect the habitat selection must be achieved.  
A common use of probability of occurrence models is to predict the likely distribution of the 
species across a heterogeneous landscape. These models can then be applied to an 
entire landscape to result in a spatially explicit model by treating the landscape as a 
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collection of smaller areas that each has an associated probability of occurrence. To 
accomplish this task, geographic information systems (GIS) are frequently used in 
combination with habitat modelling, both as a source of environmental predictor variables 
and as a method of displaying model results. 
Among various environmental variables across landscapes for habitat assessment, 
vegetation is the most challenging. Producing classified vegetation data have always been 
an important issue, depending on the aims of the study. Vegetation data can be collected 
directly from the field for small study areas. However, at a landscape level and regional 
studies, aerial photographs and/or satellite images can be more useful. In fact, the latter is 
the base source for vegetation classification. Once the appropriate classification is 
produced, it can be utilized as a layer paralleled to other datasets in a GIS. 
Environmental data stored in a GIS (such as land cover) are often used to derive habitat 
variables for modelling. GIS has also the capability to easily store, reference, and relate 
the spatial locations and attributes of species survey data with other environmental 
datasets. Analytical GIS techniques for manipulating spatial data are increasingly used to 
measure landscape metrics for habitat analyses (for example, Swetnam et al., 2005). The 
obvious utility of GIS has resulted in both the creation of spatially-explicit habitat models 
and the modification of non-spatial habitat models for implementation within a GIS. 
With concentration on GIS technology, it will be possible to work with a variety of input 
data and biological factors that can influence the ability of a model to accurately predict the 
probability of occurrence of a wildlife species. The quality of the presence-absence data 
used to define species-environment relationships directly impacts the prediction accuracy 
of the resulting model. Habitat suitability as characterized by the presence of a species 
and by reproductive success can be modelled in relation to different parameters of 
landscape diversity at different scales (Oja et al., 2005). To maximize prediction accuracy, 
an appropriate sampling design that covers the range of habitats and accounts for 
species-specific factors, such as home range size, is necessary. 
One of the most important factors to the success of habitat suitability modelling is the 
species distribution data that is correlated to the environmental predictors. Most 
multivariate statistical techniques used for habitat suitability modelling, such as logistic 
regression and discriminant function analysis, require both presence and absence data.  
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Since the aim of this study is to investigate the possibility of using the pre-existing data for 
habitat modelling and consequently determine indicators of biodiversity, the next chapter 
will introduce the study area and will discuss data issues. It will depict how necessary 
changes should be made to the existing datasets to be later used in GIS and habitat 
modelling. The next chapter will also provide essential considerations on selecting 
appropriate species as indicators, thus, selected species will be defined. It also will 
indicate how the bird data can be used in combination with essential spatial environmental 
data layers. 
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CHAPTER 3: STUDY AREA AND DATA ISSUES 
 
3.1 Introduction 
In Chapter two it was shown how different biophysical factors may affect the bird 
distribution and habitat preferences. These factors can be measured and utilized using 
various techniques, depending on the objectives of the study. The aim of this chapter is to 
introduce the Mornington Peninsula and Western Port Biosphere Reserve, and 
quantitatively assess the utility of the datasets for habitat modelling of selected avifauna in 
the study area. Consequently, this chapter: 
• Describes the available biophysical data and major environmental gradients of the 
study region that most affect the avifaunal distribution, 
• Examines the accuracy and representativeness of the avifauna data in terms of 
selected environmental gradients, and 
• Examines issues associated with the standardization of biophysical factors for habitat 
modelling. 
3.2 Methods 
Since the focus of this study is based on the relationship of the distribution of bird species 
with various bio-physical environmental factors (and the most important of them 
vegetation), a range of different data types must be used. In the following subsections the 
method under which the study will be undertaken and the data issues will be discussed. A 
demonstration of the methods is shown in Figure 1. 
Figure 1 shows three main stages of this study which are data (yellow), processing (blue), 
and analysis (pink). In the data area, the most relevant information that may affect the 
distribution of bird species, based on existing literature (see Chapter 2), were collected. 
These data sets were selected among the existing records, which had an acceptable 
accuracy, and at the same time, are commonly used, and can be applied with the GIS. It is 
notable that for most of the bio-physical factors (such as floristics, climate, elevation, 
vegetation structure, soil moisture, and soil type) the Ecological Vegetation Class (EVC) 
layer was utilised, because it compromises all those factors in each class, and those 
factors were considered in the classification of EVCs. 
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The bird data was used to create point data from recorded location. Once done, the 
number of observation for each species and their apparent distribution in the study area, 
along with other factors (discussed and described in this chapter) were used to select a 
number of species, as studied species, from a total of 270. 
Buffers were then produced around the selected birds’ data points to consider the species 
movements, based upon their ecological home range and approximate daily movements. 
The overlapped areas of theses buffers with the EVC layer was used to identify those 
vegetation patches that a certain species could have normally preferred. The total area of 
those patches in the study area was calculated separately for each species to distinguish 
the most important EVC patches. 
 
Birds 
• Vegetation 
• Elevation 
• Climate 
• Soil 
Coast line 
Built-up Areas 
Ecological 
Vegetation Class 
Species 
selection Buffers 
Relevant EVC patches Landscape 
Context Tool 
Patch Rate Landscape 
Rate 
Presence or 
absence of 
species 
Distance to 
sea shore 
Distance to 
built-up areas 
Statistical 
design 
Discriminant 
analysis 
ANOVA Logistic 
regression 
Figure 4- The process of modelling the distributional pattern of bird species in the 
study area based on the most relevant factors. This procedure contains raw data, data 
processing with GIS, and statistical analysis and modelling.
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The significant EVC patches for each species were considered as potential habitats, and 
were used to calculate different habitat metrics by using the Landscape Context Tool 
(Chapter 4), as well as measuring their distances to coast line and built-up areas. These 
outcomes were then used to investigate the birds’ distribution according to different 
aspects of habitat patches and their proximities to urban areas and sea shore. In addition, 
it was defined whether a certain species is present or absent in a particular habitat patch. 
As described in Chapter 5, different modelling approaches can be applied. Discriminant 
analysis was used to define the most significant habitat metrics to be used in modelling 
(Chapter 4), binary logistic regression was used to create a predictive model (Chapter 5), 
and ANOVA was used to define the sensitivity of each species to the studied variables for 
indicator determination. 
3.3 Mornington Peninsula and Western Port Biosphere Reserve 
The study area is the Mornington Peninsula and Western Port Biosphere Reserve 
(MPWPBR), which is located immediately to the southeast of Melbourne, in the southern 
state of Victoria, Australia (Figure 3.1). This region is one of the most biologically diverse 
regions in Victoria and includes Philip and French Islands (Commonwealth of Australia, 
2002). Special ecological and socio-economic features with balanced interactions in this 
area were the main motivation for its submission as a biosphere reserve. The biosphere 
centre is located at 38°20’00” S and 145°20’00”E. This biosphere reserve can be classified 
into three regions in terms of the biological and economic values. 
French Island: is probably the most important area compared to other terrestrial parts of 
the biosphere, because of a higher diversity of animals and a continuous range of habitats. 
Western Port: despite its great biological diversity, this area is used for commercial and 
recreational purposes at a high level. Different kind of habitats in this area can be defined 
as: seagrass meadows, mangroves, salt marsh, and melaleuca vegetation. Also 65 per 
cent of Victoria’s bird species are present in this area. 
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Figure 3-2Geographical extent of the MPWPBR (after Spatial Vision, 2002) 
Mornington Peninsula: features unique landscapes that are part of Victoria’s most valuable 
farming land. 
3.3.1 Land cover 
Among the factors that best describe the habitat type, the land cover is one of the most 
well known types. A wide range of land cover types exists within the MPWPBR. The 
majority of the terrestrial area is covered with highly modified land cover types, because of 
general clearing. These land cover types can be classified in two major categories: 
residential/industrial areas, and agricultural areas. 
Mornington Peninsula National Park and Arthur's Seat State Park contain the largest and 
most important areas of native vegetation remaining on the Mornington Peninsula. Native 
vegetation communities include coastal dune scrub and grassy forests, Banksia 
woodlands, coastal heath lands, heath woodlands, riparian forests, and swamps. A 
number of vegetation communities, particularly coastal grassy forests, Banksia woodlands 
and sand heath lands, have been greatly depleted since European settlement and are of 
particular conservation significance. 
Native vegetation covers only about 22 per cent of the area (Port Phillip Regional CALP 
Board, 1999). Most of the vegetation is fragmented, and in general the native vegetation is 
present in the mountainous region in the northeast of the catchment and French Island. 
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However, a great diversity of vegetation occurs on the Mornington Peninsula itself (Plates 
3.1 and 3.2). 
The primary level of ecological classification, according to vegetation type, is the 
Ecological Vegetation Class (EVC), where each EVC contains one or more floristic 
communities (Oates and Taranto, 2001). EVCs are broad units and in most circumstances 
can be considered as separate ecosystems. Eight major systems are found in the region: 
forest, woodland/heath-land, wetland/swamp, dry coastal ecosystems, wet coastal 
ecosystems, marine ecosystems, residential/industrial areas, and agricultural areas. Many 
of these systems can be subdivided into more precise vegetation types (refer to Text Box 
3.1). 
 
Plate 3-1Mornington Peninsula National Park (Sorrento). A great diversity of plants supports the region (Afshin 
Alizadeh, 2004) 
 
3.3.2 Fauna 
According to Parks Victoria, the Park is home to 32 mammal species, 167 birds, 22 
reptiles, 7 amphibians, and 2 freshwater fish species (Parks Victoria, 2004). Greens Bush 
supports the largest population of the Eastern Grey Kangaroo (Macropus Gigurteus) on 
the Mornington Peninsula. A remote and protected location, Point Nepean is a home to 
animals including bandicoots and the New Holland Mouse (Pseudomys novaehollandiae) 
and its intertidal zone is a habitat for a wide variety of shellfish and marine invertebrates.  
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Plate 3-2Arthur's Seat State Park (Afshin Alizadeh, 2004) 
Regionally important species include the White-footed Dunnart (Sminthopsis leucopus), 
Long-nosed Bandicoot (Perameles nasuta), Black Wallaby (Macropus dorsalis), Singing 
Honeyeater (Lichenostomus virescens), Spiny-cheeked Honeyeater (Acanthagenys 
rufogularis), Blue-winged Parrot (Neophema chrysostoma) and Hooded Plover (Thinornis 
rubricollis). 
However, according to the recent dataset (1998-2002) produced by Birds Australia, this 
area also contains nearly 270 bird species. 
3.3.3 Landscapes 
The general landform of the MPWPBR is a flat to hilly shape. The maximum height of the 
area is about 300 metres above the sea level located in the Arthur’s Seat Park. The 
MPWPBR contains a variety of different landscapes; however, four general types among 
them can be categorized: 
Largely natural landscapes: these areas are the least disturbed areas in the region and are 
in public ownership. They include national parks, state forests and other parks. The 
relatively large size of these areas enables their sustainability. 
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Rural landscapes: these regions are in private ownership and contain farms and 
agricultural areas. These areas are mainly used for food and fibre production. Biodiversity 
in this area has the same conservation value as the original vegetation types. 
Urban built landscape: these areas include urban and industrial landscapes created by 
cities. The components of this region are mainly industries and infrastructures such as 
transport, power, port facilities, water supplies and waste disposal. 
Largely natural seascapes: This seascape covers more than one third of the whole 
biosphere reserve (680 square kilometres). It contains a rich diversity of fauna, flora and 
ecosystems within terrestrial and marine habitats along the coastline.  
3.4 Description of data and measures 
This chapter examines the representativeness and quality of the available avifauna 
dataset for undertaking habitat modelling. In this section, the methods used to address 
several important data issues (such as data layer formats, accuracy, and coverage) are 
documented. Data sets that are used for this study are shown in Table 3.1. 
Table 3-1The data sets used for the study of bird/habitat association in MPWPBR (for more details see section 
3.3.4) 
Data Source Coverage Comments 
Vegetation D.S.E.* EVCs 100% Ecological Vegetation 
Classes 
Elevation D.S.E.* 100% Contour lines with20 
metres interval 
Anthropogenic 
Data 
Geoscience 
Australia 
100% Depicting all man made 
features such as roads, 
buildings, and reserves. 
Birds Birds Australia 100% All the records of all 
species between 1998 
and 2002 
* Department of Sustainability and Environment 
3.4.1 Biophysical data 
Habitats consist of different combinations of physical and biophysical components. 
Geology, climate, and soil types with latitude, altitude and surface topography, determine 
the kind of plants that are found in particular areas. The most important among them is the 
landform, which itself affects the land cover. A particular type of land cover attracts specific 
animal species. Thus, the basic factors to be studied in research on avifaunal distribution 
and habitat suitability are the topography and vegetation. On the other hand, human 
activities are continuously modifying the natural habitats. The rate of these changes 
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depends on the human population size and the land use type. For this reason a set of 
anthropogenic data will be used to investigate the human impact on bird species 
composition.  
3.4.1.1 Topography 
The elevation data that is used in this study is a subset from the contour lines created for 
the entire state of Victoria. Vicmap Elevation- State-wide Contours is derived from 
topographic series mapping begun in the early 1970’s. The quality of Vicmap Elevation- 
State-wide Contours is compliant with its technical specifications and rules associated with 
capture, and are dependant on scale and the limitations brought about by topography and 
visual impedance due to vegetation cover. Subsequent digital capture and manipulation 
have contributed to systematic degradation of positional accuracy. 
3.4.1.2 Vegetation 
The classification of vegetation is a complex and diverse subject area (Section 2.5.4). 
Depending on the aims of the research, there are many ways of organizing a landscape 
according to the land cover. Because of the ecological nature of this research, it is best to 
use the Ecological Vegetation Classes (EVC) data, which describes the land cover and 
ecological conditions within a class (Text box 3.1). Ecological Vegetation Classes (EVCs) 
are categories of distinct vegetation types based on differences in broad landscape 
features and environmental regimes described in chapter 2. Each of these broader units 
may be divided into a few or many, and their descriptions also include considerations of 
life form, genera, and vegetation structure. EVCs can consist of one or a number of floristic 
communities that exist under a common regime of ecological processes within a particular 
environment at a bioregional or broader scale (DSE, 1997). 
The EVC database has been used widely, principally to undertake biodiversity analyses 
and to delineate old-growth forest and National Estate areas in various regions of the 
state. The data has a wide range of applications in both flora and fauna studies. The 
MPWPBR contain 76 EVCs out of a total of about 1000 throughout Victoria. The 
descriptions of the EVC codes that are occupied by selected bird species are shown in 
Table 3.6, and Figure 3.4 shows the distribution of EVC patches throughout the study 
area, in addition, Text Box 3.1 shows a more detailed definition of the EVCs that exist 
within the study area. 
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3.4.1.3 Anthropogenic data 
The anthropogenic data used in this study is the GEODATA TOPO 250k Series 2, 
obtained from Geoscience Australia. This dataset contains a medium scale vector 
representation of the topography of Australia. The data include the following themes: 
Hydrography - drainage networks including watercourses, lakes, wetlands, bores, and 
offshore features; Infrastructure - constructed features to support road, rail and air 
transportation as well as built-up areas, localities and homesteads. Utilities, pipelines, 
fences and powerlines are also included; Relief - features depicting the terrain of the earth 
including 50 metre contours, spot heights, sand dunes, craters and cliffs; Vegetation - 
depicting forested areas, orchards, mangroves, pine plantations and rainforests; and 
Reserved Areas - areas reserved for special purposes including nature conservation 
reserves, aboriginal reserves, prohibited areas and water supply reserves. 
In other words, the product integrates five main data themes - Hydrography, Infrastructure, 
Relief, Reserved Areas, and Vegetation. These themes contain up to 138 feature classes, 
covering essentially all the features depicted on the paper map series. 
3.4.2 Selection of bird indicator species 
The birds’ species data was obtained from Birds Australia. One of the specific aims of this 
collection is to examine regional and seasonal variation in the occurrence of bird species. 
This dataset contains 55210 records from 271 species within the MPWPBR (Figure 3.2). 
Each record has information (attributes) about the scientific and common names, the 
location (coordinates), number of observations, name of the location, number of individuals 
that have been recorded in an observation (or sometimes flock size), the size of the search 
area, the duration of the search, and the date. The records span 1998 to 2002 inclusive. 
The bird data are collected and recorded directly from the field. Birds are mobile; 
consequently one cannot expect to find a particular bird in the real world at the given 
location at any given time. However, the collected data at the time of observation is 
sufficiently accurate, given rich search methods. The watchers are registered personnel 
with enough ornithological knowledge to collect bird data. Each data point in this set 
represents the location where a particular species has been seen at the time of the 
observation, along with the name and coordinates of the location.  
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Figure 3-3Number of observations for each species in the MPWPBR 
  
Among the 271 species, 17 are proposed for this study. These species must satisfy a set 
of criteria, which was developed on the basis of both ecological function, and statistical 
and logistic factors. The most important criteria are: 
Reasonable number of records: some species are very common and can be observed in 
most locations. These species are not good samples for this study because of their 
homogenous distribution, despite the variation of habitat factors. In contrast, some other 
species are rare, so that only few observations are recorded (in some cases only one). It is 
clear that a model cannot be developed with just a few samples. In other words, since the 
goal of this research is to identify indicators of biodiversity among the avifauna for 
management purposes, the species to be introduced must have a reasonable population 
in the area; that is, between 200 and 500. 
Observation at the actual terrestrial habitat: some species are recorded on the water 
surface or in flight (outside the expected habitat). Since no true association can be claimed 
with any vegetation class, these records cannot be considered valid for this study. This 
rule was relaxed for species with a wide home range, such as predatory birds.  
Diurnal behaviour: some species are nocturnal (active during the night), although they 
might be observed occasionally during the day outside their shelter. Since the observation 
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sites of these species during the day do not represent their original habitats, these species’ 
records have been ignored in this study, because they could bias the results. 
Known qualitative behavioural patterns from field studies: this information helps us    to 
correct some errors, which occur during the recording process, and thus will help in 
modelling the habitat structure of certain species. 
According to the species ecological behaviour and living patterns and habits, further 
refinement of the selection criteria is imposed. The new set, containing seven species 
(Table 3.2), will focus the research on the habitat-specific species that contribute most to 
the determination of biodiversity indicators. More description for each species can be 
found in Section 4.2. In addition to the above rules, the final selection of species was 
based on their dispersal within the MPWPBR. 
Table 3-2Selected bird species and their number of record 
Common name Scientific name Number of records 
White-throated Treecreeper Cormobates leucophaeus 143 
Varied Sittella Daphoenositta chrysoptera 65 
Song Thrush Turdus philomelos 71 
Singing Honeyeater Lichenostomus virescens 64 
Scarlet Robin Petroica multicolor 60 
Eurasian Tree Sparrow Passer montanus 48 
Crescent Honeyeater Phylidonyris pyrrhoptera 92 
3.4.3 Representativeness of species’ sample sites 
The EVCs that are occupied by the bird species should cover an acceptable range of area 
occurring in the MPWPBR.  This would also have a lower impact on the bird species within 
a particular EVC if they are adequately distributed among the region, as it would allow for 
a more diverse range of ecosystems and habitats to be represented, which, in turn, would 
allow for a greater range of species to be associated.  Furthermore these patches of 
defined vegetation units (EVCs) would provide source populations of seeds, larvae, and 
emigrants that would be essential for the development of diversity in the MPWPBR. 
3.4.4 Standardising the observed data 
Birds Australia data are collected based on three search methods for birds in the field. 
These are as follows: 
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Two-hectare search: This is the standard method that is undertaken in a two-hectare area 
for 20 minutes. The search is carried out in a specifically selected area, once each season, 
for at least one year. 
Area search: This can be done in any area by listing the birds seen around a central point. 
The search area can be within 500 metres, or a large area extending beyond 500 metres, 
but within 5 kilometres of a central point. This area can have any shape. This search 
method is performed for at least 20 minutes but not greater than a period of one week. 
Incidental search: This search method is mostly for records of rare, uncommon, or unusual 
species seen as once-off sightings. It is also used for surveys of a specific group of birds, 
such as wetland birds, waders, or waterfowl, which appear suddenly and can be seen 
during their flight. 
However, there are five distinct types of search for species records in the MPWPB area. 
The understanding of the search area and methods will lead us to generate buffers for the 
observation sites to decrease the errors to a minimum. The search methods are: 
• Incidental search (no area specified) 
• Two-hectare search 
• Less than 5 kilometre area search 
• Less than 5 kilometre area incidental search 
• Less than 500 metres area search 
Most of the above methods are applied for each species. For example, the Crescent 
Honeyeater has been observed both in ‘two hectare’ and ‘less than five kilometre’ area 
searches, while the White-throated Treecreeper, in addition to those two methods, have 
also been recorded by ‘less than 500 metre area’ search method. 
Since all of these observations have a different footprint, or represent a differing ground 
area, it was felt necessary to create buffered areas. This is especially important for 
studying habitat preference in birds with specific diurnal activities such as foraging 
behaviour, home range size, and seasonal territory. 
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3.5 Summary of results 
3.5.1 Accuracy 
Central to this study are the associations between bird species distribution data and 
environmental data. According to Aspinall and Pearson (1996), data quality may have a 
great influence on modelled outcomes, especially when modelling ecological phenomena 
by using GIS. Table 3.3 shows the quality of datasets used for this study. 
Table 3-3The quality of data sets used in this study (N/A= not available). 
 Positional accuracy Attribute accuracy Coverage Logical consistency 
Ecological 
Vegetation Classes 
50m to 300m 
 
>4 ha: 98% 
<4 ha: 95% 
100% of the study 
area N/A 
Elevation Data 
(Contour lines) 
90% of features at 
their true position 95%-99% 
100% of the study 
area 1%-5% 
Anthropogenic data 
 
90% of features at 
their true position 1%-5% 
100% of the study 
area 0%-5% 
Positional accuracy: the positional accuracy gives us information about how closely the 
coordinate descriptions of features in the data set compare to their actual locations. 
Attribute accuracy: attribute accuracy is a measure of how thoroughly and correctly the 
features in the data set are described. 
Logical consistency: logical consistency is the extent to which geometric problems and 
drafting inconsistencies exist within the data set. Logical consistency describes the degree 
of affection of logical rules of data structure, attribution, and relationships.  
3.5.2 Representativeness 
The measure of the bird sites’ representativeness in the study area is the proportion of the 
surface area of all EVCs occupied by the selected species. As it is shown in Figure 3.3, 
five of the seven bird species are present in EVCs that cover more than fifty per cent of the 
total area. Despite the relatively high number of records for Varied Sittella and Eurasian 
Tree Sparrow (65 and 92, respectively), they have been observed only in EVCs that are 
cover less than 25 per cent of the total area. 
The selected bird species are unevenly distributed in 22 vegetation classes (Table 3.2). All 
the seven species are present in EVC code 997. EVC codes 1, 2, 9, 23, 53, 74, 161, 900, 
and 902 enclose only single species. Scarlet Robin with 60 records is present in 11 EVCs 
(maximum presence), and Eurasian Tree Sparrows (with 102 observation records) have 
been placed within three vegetation classes (Table 3.5). 
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There is no obvious correlation between species abundance and elevation. Some species 
appear to be attracted to an elevation range (e.g. Singing Honeyeater), while most of them 
frequent several heights ranging from 10 metres to 270 metres (e.g. Crescent Honeyeater 
and Scarlet Robin) (see Table 3.4). 
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Figure 3-4Percentage of areas occupied by selected bird species 
 
Large patches of habitat are superior for achieving conservation goals to those that are 
small for several reasons.  First of all, large areas may encompass a higher degree of 
environmental heterogeneity.  Thus, larger patches of habitat should offer more available 
niche spaces, and consequently may support a higher number of species.   
 
 
Table 3-4Distribution of selected bird species in various elevation classes (metres above sea level) 
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Song Thrush 52  1  3 2 1 1     1    1          2
Crescent 
Honeyeater 10  2      1   8  1  3    1     1  21
White-throated 
Treecreeper 1 2 1 1  2 5 3 9  3 24 4 36 2 4 3 5 13 7  1 2  12  3
Varied Sittella 4 4 1 2 8 8 16 8 5  1 1      2 2 2     1   
Singing Honeyeater 52 2 5 1 1 1      1 1               
Eurasian Tree 
Sparrow 67      1                    24
Scarlet Robin 5 2 1 1 3 1 3 2 5   2  29 1    1      3  1
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Table 3-5 Distribution of selected bird species in various land cover units. The multiple numbers in each cell are 
indicating observations in the same ecological vegetation class, but at different patches (localities). All single 
numbered cells show that all the observations for the particular species within that EVC were recorded in the 
same unit. 
 EVC codes 
 1 2 3 9 16 23 29 48 53 55 74 128 161 175 191 653 858 900 902 997 998 999 
Song thrush          1    1 2     62+3+1 1  
Crescent 
honeyeater   2+1   2            2   32+1+1 2+1  
White-
throated 
treecreeper   8+2  
1+1+1+1+ 
1+1+1+1+ 
1+1+1+11 
+4+2+2 
1+1+ 
1+1 1 2+1    34  1 1    2 
35+17+ 
2+2+ 
1 
1  
Varied 
sittella   1  2+2+1+ 1+1+1+1  1  1   1  
3+1+
1 6+3     
18+2 
+1+1   
Singing 
honeyeater 2 1+1  5+1 1     1   1+1    12+1 +1   
10+4 
+1 9+7 1+1 
Eurasian 
tree 
sparrow 
               7+2  1  58+ 24   
Scarlet 
robin 
  1  4+2 +1+1   3  1 1 28  1  1    
4+4+ 
2+1+1 2+1 1 
 
 
 
 
 
 
 
 
 
Table 3-6The descriptions of main EVCs in the study area that are occupied by selected bird species 
EVC Description 
1 Coastal Dune Scrub Mosaic 
2 Coastal Banksia Woodland 
3 Damp Sands Herb-rich Woodland 
9 Coastal Salt Marsh 
16 Lowland Forest 
23 Herb-rich Foothill Forest 
29 Damp Forest 
48 Heathy Woodland 
53 Swamp Scrub 
55 Plains Grassy woodland 
74 Wetland Formation 
128 Grassy Forest 
161 Coastal Headland Scrub 
175 Grassy Woodland 
191 Riparian Scrub 
653 Aquatic Herb land/ Plains Sedgy Wetland Mosaic 
858 Calcarenite Dune Woodland 
900 Coastal Saltmarsh / Coastal Dune, Grassland / Coastal Dune, Scrub / Headland Scrub Mosaic 
902 Gully Woodland 
997 Private Land- No Tree Cover 
998 Water Body (Natural or man made) 
999 Unknown/Unclassified 
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Table 3-7the number of actual sample sites decreases by applying 750 m buffers 
 Records Sites with more than one record
Number of sample 
sites before applying 
buffers 
Number of sample 
sites after applying 
buffers 
White-throated 
Treecreeper 143 14 68 49 
Varied Sittella 65 9 34 29 
Song Thrush 71 5 18 16 
Singing Honeyeater 64 4 54 35 
Scarlet Robin 60 5 26 24 
Eurasian Tree 
Sparrow 48 7 17 15 
Crescent Honeyeater 92 8 17 12 
     
Second, some species will possibly be absent from small units, even when an appropriate 
niche is available. This is because they require large home ranges (insectivore species), or 
because they are a small species that behaviourally prefer to select habitat patches that 
are large enough to support other members of their species (Stamps, 1993). 
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Text box 3-1Description of the EVCs occupied by target bird species (From http://affa.gov.au) (continued on 
next page) 
 
 
EVC 1 Coastal Dune Scrub Mosaic: Coastal Dune Scrub Mosaic typically develops on the dunes and sand 
sheets behind the coastal beaches. It occurs on both siliceous and calcareous sands that are subject to high 
levels of salt spray and continuous disturbance from onshore winds. Elevation is approximately 5- 50 m above 
sea level and average annual rainfall varies from 700-1000mm. Structurally, Coastal Dune Scrub Mosaic 
consists of wind-pruned scrub and heath, but may also include a band of grassland immediately behind the 
beach. 
 
EVC 2 Coast Banksia Woodland: Coast Banksia Woodland is restricted to near coastal localities. It occurs 
on calcareous sand on secondary or tertiary dunes behind Coastal Dune Scrub Mosaic. The upper levels of the 
soil profile show some evidence of iron and calcium leaching with the humus content being higher than for the 
soils of Coastal Dune Scrub Mosaic (Woodgate et al. 1994). Annual rainfall is 700-1000mm and elevation 
ranges from approximately 5 to 30m above sea level. 
 
EVC 3 Damp Sands Herb-rich Woodland: Damp Sands Herb-rich Woodland typically occurs on 
Pleistocene Aeolian and marine sands on coastal areas inland from Coast Banksia Woodland. Soils are 
relatively fertile black to grey sands that remain damp through close association with the underlying water 
table. Average annual rainfall is 500-1000mm and elevation is approximately 5-100m above sea level. 
 
EVC 9 Coastal Saltmarsh: Coastal Saltmarsh is restricted to the low energy coastal flats subject to tides and 
periodic flood by saltwater but not exposure to excessive wave action. As this community is tide affected, the 
elevation is to 1m above sea level. Average annual rainfall varies from 550-900 mm. 
 
EVC 16 Lowland Forest: Lowland Forest is a very widespread and floristically diverse dry forest vegetation 
type that is found across the lowland plains. It typically develops on Tertiary and Quaternary deposits of clay, 
sand and gravel of moderate fertility. The understorey varies from shrubby to heathy to sedgy and may even 
be grassy as fertility. With decreasing fertility the group merges into Heathy Woodland through to Sand 
Heathland. It occurs mostly in the low rainfall areas but is also found in areas of intermediate rainfall where it 
occupies the dry aspects and dry crests where incident radiation is greatest. In these areas Damp Forest 
develops immediately downslope where sufficient topographic protection is available. 
 
EVC 23 Herb-rich Foothill Forest: Herb-rich Foothill Forest is not as common to the South as it is to the 
north of the Great Dividing Range. Moderate to high soil fertility is reflected by the characteristically high 
diversity and cover of graminoid and herbaceous species in the ground layer of all floristic communities of 
this EVC. A small tree layer is nearly always present over a few scattered shrubs, which form an open 
understorey. 
 
EVC 29 Damp Forest: Damp Forest is widespread in Gippsland in moderately fertile areas between Wet 
Forest, the drier end of Shrubby Foothill Forest and the driest forest types such as Lowland Forest, Herb-rich 
Foothill Forest, and Heathy Woodland. It develops on the drier sites in Wet Forest or on the margins of Warm 
Temperate Rainforest. It also occurs on protected slopes associated with Tussocky Herbrich Foothill Forest, 
Lowland Forest or even Heathy Woodland, provided topographic protection is sufficient.  
 
In the lowlands and dissected country below 700m Damp Forest favours gullies or eastern and southern 
slopes. Above this elevation and in higher rainfall zones the effect of cloud cover at ground level and the 
subsequent fog drip permits this class to expand out of the gullies onto broad ridges and northern and western 
aspects. It occurs on a wide range of geologies and soils are usually colluvial, deep and well structured with 
moderate to high levels of humus in the upper soil horizons (Woodgate et al. 1994). Rainfall is approximately 
800-1600 millimetres per annum and elevation ranges from sea level to up to 1000 metres. 
 
EVC 48 Heathy Woodland: Heathy Woodland is mainly confined to the Gippsland plains. Geology consists 
of Tertiary and Quaternary sands. This EVC develops on the most infertile deep uniform sands with the 
topsoil being a light grey, loose sand, grading into a bleached greyish-white to yellow-brown sand (sometimes 
gravelly) subsoil. Sometimes a gravelly sand surface over a cemented yellow-brown gravelly hardpan is 
present.  
 
 61
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Text box 3.1- (continued) 
 
Elevation is from near sea level to 350m and rainfall varies from 1000 millimetres to less than 500 millimetres 
per annum. Heathy Woodland merges into Sand Heathland where sites become extremely well drained, 
infertile and drought-stressed. As conditions become more poorly drained, the group merges into Sand 
Heathland/Wet Heathland Mosaic through to Wet Heathland and Riparian Scrub. Floristically, the EVC is 
closely related to Damp Sands Herb-rich Woodland, which occurs on more fertile sands and is characterised 
by a more diverse herbaceous ground cover of forbs and grasses as well as a complement of heathy shrubs 
indicative of arenaceous soils. 
 
EVC 53 Swamp Scrub: Swamp Scrub occurs on the plains of South Gippsland. It develops mainly on poorly 
drained sites and on the margins of freshwater wetlands on organic soils. Swamp Scrub also occurs on some 
lower slope mineral soils flat to periodic seepage, particularly where topsoil, such as grey-brown sand, has a 
shallow hardpan in the subsoil. Elevation is low, ranging from near sea level to 60 metres in height above sea 
level and average annual rainfall is 500-1000 millimetres. 
 
EVC 55 Plains Grassy Woodland: Plains Grassy Woodland, also known as Forest Red Gum Woodland, is 
recorded on fertile soils across the low rainfall Gippsland plains. Elevation ranges from approximately 5-80 
metres above sea level and average annual rainfall is 500-900 mm. 
 
EVC 74 Wetland Formation: Wetland Formation is a broad under-sampled group occurring across the 
Gippsland plains. It was used for mapping the extant vegetation and includes generally herbaceous wetland 
vegetation in ephemeral water bodies associated with peat soils. For the pre-1750's mapping, Wetland 
Formation was broken down into a number of wetland EVCs such as Aquatic Herbland/Plains Sedgy Wetland 
Mosaic, Deep Freshwater Marsh, Plains Grassy Wetland, Floodplain Reed bed Wetland. It is closely related to 
Sedge Wetland, which dominates similar waterlogged areas. These wetland groups eventually merge into 
Riparian Scrub and Wet Heathland, as the period of waterlogging becomes relatively less. 
 
EVC 128 Grassy Forest: Grassy Forest was not recorded in the extant mapping due mainly to its extensive 
clearing for agriculture in West Gippsland and thus the description for this EVC is based on that for the 
Central Highlands (VicRFASC 1997). It is mapped only in the pre-1750's mapping. It develops on Tertiary 
outwash alluvium and occurs on pale soils, which have poor drainage during the wettest period of the year. 
Elevation is 40-100 metres above sea level and average annual rainfall is in the vicinity of 950-1000 
millimetres. 
 
EVC 161 Coastal Headland Scrub: This windswept coastal vegetation type occurs on exposed coasts and 
headlands. Elevati  is 40-80 metres above sea level and average annual rainfall is 1000 millimetres. 
 
EVC 175 Grassy Woodland: Grassy Woodlands are variable open eucalypt woodland over a diverse ground 
layer of grasses and herbs. Occurs on sites with moderate fertility on undulating hills on a range of geology. 
Previously widespread and locally extensive but now largely cleared for agriculture. Remnants are generally 
heavily grazed. 
 
EVC 191 Riparian Scrub: Typically a dense scrub ranging from low to high rainfall areas that grows on less 
fertile waterlogged substrates often with a peaty surface horizon. Often found along creeks and minor stream 
tributaries of the lowland plains and adjacent low hills. 
 
EVC 858 Calcarenite Dune Woodland: Calcarenite Dune Woodland is restricted to the alkaline sand dunes 
and swales on the isthmus, inland from the exposed Coastal Dune Scrub Mosaic and probably where salt spray 
influences are less extreme. It occurs at low elevations of 20-60 metres above sea level and average annual 
rainfall is 900-950 millimetres. It has only been mapped in the extent mapping where slashing has occurred. 
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3.5.3 Bird data and buffers 
Despite the selected species having different distribution patterns, all the seven species 
almost cover the entire area. All the selected species breed in the study area and are 
sedentary (non-migrants), with the exception of the Scarlet Robin, which is a partial 
migrant. However this species is sedentary within MPWPBR. The Song Thrush and 
European Tree Sparrow are introduced species, exclusive to Victoria.  
The number of observations for each species varies from 48 (Crescent Honeyeater) to 143 
(White-throated Treecreeper) (Table 3.2). Among the observations, seven incidental 
search methods for two species were recorded. Those are Varied Sittella and Singing 
Honeyeater with five and two incidental search records respectively. 
Since the observation methods vary for each bird species, buffers must be considered for 
data analysis. All seven bird species have duplicate records at some locations. In other 
words, the number of records for each species is not necessarily equal to the number of 
sample sites and there is always a greater number of records than sample sites. On the 
other hand, each bird is moving, thus, according to its ecological behaviour, it will occupy a 
surface that can be overlapped with the neighbouring sample site.  The option is to apply 
buffers for each record. This may cause an observation being overlapped by two or more 
EVCs, elevation range, or anthropogenic factors. Thus, a species may indicate a wide 
range of habitat preference. To solve this conflict, a buffer of 750 metres has been created 
for each sample site to find the real number of independent sample sites. Table 3.7 shows 
the number of sample sites before and after applying the 750 metre buffer. The effect of 
imposing buffers is to capture vegetation patches that contribute in habitat selection, rather 
than studying the vegetation patch in which the species was observed (Figure 3.5). 
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Figure 3-6Histogram showing the comparison between number of records (blue), number of sample sites before 
applying buffers (green), and number of sample sites after applying buffers (orange), for selected bird species 
3.6 Distributional limits 
Distributional limits of fauna are affected by the physical environment and biophysical 
factors (Austin, 1978; Box, 1981; Nix, 1982; Nix and Gillison, 1985; Woodward, 1987; 
Woodward and Williams, 1987; Wiens, 1989; Lindenmayer et al., 1990; Brown, 1995). 
Numerous studies have linked bird diversity and distribution with habitat diversity. 
Generally these studies have found that the diversity of bird species increases with 
structural complexity of the vegetation (e.g. MacArthur, 1965; MacArthur and MacArthur, 
1961; MacArthur et al., 1962; MacArthur et al., 1966; Wiens and Rotenberry, 1981). The 
physical structure of vegetation is considered an important habitat component for birds 
both directly through the provision of food, shelter, and nesting resources and, indirectly, in 
providing potential cues of suitable conditions for successful breeding. 
Vegetation: Woinarski et al. (1988) showed that vegetation classifications based on 
floristic, structural and life form information, were useful for describing the distribution of 
bird species. In this study, the land cover data that is employed to model birds’ habitats is 
the EVC (Ecological Vegetation Class). This data layer, which covers Victoria, is also 
based on floristic, structure and life form. This data set, with 100 per cent coverage, has a 
positional accuracy up to 50 metres, and the attribute accuracy reaches 98 per cent for 
patches with the surface area larger than four hectares, which can be considered a high 
level of accuracy. 
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The selected bird species are located in various patches of 21 EVCs. Some species show 
a wide range of habitat selection relative to the EVCs. For example the Scarlet Robin is 
present in 11 classes. In contrast, others have more limited variations, for example the 
Eurasian Tree Sparrow is present in only 3 classes. 
Topography: Soil type, moisture, and topography are among the factors that directly or 
indirectly affect the vegetation, which in turn influences the bird distribution. However, 
some bird species, in addition to vegetation, respond to geomorphologic factors in terms of 
habitat selection. Thus, an additional set of data has been chosen to consider the landform 
(slope, elevation, and extent) for developing habitat modelling. This data set contains 
contour lines with 20 metre intervals. The positional and attribute accuracies of the 
topographic data are 90 per cent and 98 percent respectively. With 100 per cent coverage 
of the study area and up to 1 per cent logical consistency, this set is suitable for this study. 
The distribution of the selected bird species relative to the elevation, compared to EVCs, is 
not highly variable. However there are still more or less preferences for different heights 
among these species; Singing Honeyeater is mostly recorded in lower elevations, while 
White-throated Treecreeper is more abundant in all the hight ranges within the study area. 
Bird data: The bird data for the selected species have attributes that make it suitable for 
such a study. The process adopted to modify this data set was to define the number of 
sample sites according to the species behaviour. A buffer of 750 metres was created for 
each record. In this way, the number of sample sites was decreased to one-ninth for 
Eurasian Tree Sparrow, but was halved for the Singing Honeyeater. 
Man-made features: Human activities are considered as a factor that affects bird 
distributions and populations, either negatively or positively. So, a data set that includes 
human related structures has been added to the data sets. 
3.7 Conclusion 
The complexity of ecosystems and the complicated relationships between their elements 
are the main issues to be considered in habitat modelling as well as identifying habitat 
preferences for wildlife. Among all the environmental attributes, those that may have the 
most profound effect on species abundance must be recognized. On the other hand in 
terms of indicator species, special consideration should be taken into account regarding 
the reasonable number of records, ease of identification, and diurnal behaviour. 
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Once these issues are addressed, the data can be used for species-environment 
relationship assessment. In this chapter we defined vegetation patches that included all 
EVCs that were contained in the 750 metre buffer around each observation. In this way, 
we now have the EVCs associated with each of the seven species. The next chapter will 
investigate the relationship of selected bird species according to identified vegetation 
patches to identify possible vegetation patch characteristics by using the EVC layer. 
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CHAPTER 4: BIRD-VEGETATION RELATIONSHIPS 
4.1 Introduction 
Understanding habitat use by a bird species is important for the conservation and 
management of avifauna. In the first instance, a descriptive knowledge of natural history 
that defines the ecological needs of species is essential. The essential base data 
information was discussed in the previous chapter. In this chapter, bird-vegetation 
relationships are investigated in the MPWPBR. In particular, it is considered if: 
• The distribution of selected bird species is statistically correlated with vegetation 
communities (EVCs) and landscape features in the study area? 
• The identified correlations can be used to generalize the habitat requirements of the 
selected bird species? 
• Vegetation communities and landscape features of the study region can be used as 
predictors of bird habitats? 
4.2 Descriptions of selected bird species 
The descriptions of the selected bird species in the following sub-sections are drawn 
principally from Simpson and Day (2004), Frith (1976), and Trounson and Trounson 
(1989). 
4.2.1 White-throated Treecreeper (Cormobates leucophaeus) 
A Treecreeper is a small brown bird with a relatively short tails. They hunt for food on tree 
trunks and large branches, which they climb without using their tail for support. The white-
throated treecreeper is the most acrobatic member of its family. They move along the tree 
trunks, investigating areas inaccessible to most birds (Frith, 1976). 
When this bird flies, it moves from high in one tree to the base of another. On landing, it 
climbs steadily up the tree, usually moving straight up, but at times, siding around the 
other side of the trunk. 
Treecreepers feed on a wide variety of insects and spiders, but ants are the main item in 
their diet. Unlike other treecreepers, the white-throated treecreeper rarely feeds on the 
ground. 
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Treecreepers normally nest in tree holes. However they do not excavate their own nest 
cavities, but use natural ones such as the hollow limbs, which are common in many 
eucalypts. These birds are not always particular about choosing natural tree hollows. 
According to Simpson and Day (2004), the species’ habitat is classified as sclerophyll 
(woody plant of dry areas, with thick leathery evergreen foliage that retains water) forest to 
woodland. 
4.2.2 Varied Sittella (Daphoenositta chrysoptera) 
The Sittella may be seen flitting rapidly from tree to tree almost anywhere in woodland or 
dry forest in Australia. Highly acrobatic and extremely active, they explore the bark for 
invertebrates, usually starting at the tips of branches and continuing toward the trunk (the 
opposite technique to that of a Treecreeper). Their sharp bills help them to turn over tree 
barks in search of invertebrates as food. Sittellas do not defend a territory, but they inhabit 
a wide area (Frith, 1976).  
The Sittella typically travel in small flocks between six to eight individuals, however they 
can be seen in flocks of up to 30 outside the breeding season. All the members of a flock 
cooperate in the nest building. Usually a single nest is built in which the eggs are laid and 
only one bird incubates them. However, all the members help to feed the young.  
4.2.3 Song Thrush (Turdus philomelos) 
The Song Thrush was introduced from Europe and its distribution is concentrated around 
Melbourne, Victoria. Song Thrushes mostly feed on invertebrates and their larva, and 
rarely show interest in berries and soft fruits, but they are not considered as frugivorous 
(fruit eating) birds (Frith, 1976). 
In addition to sight, Song Thrush uses hearing to discover unseen invertebrates beneath 
barks and leaves. Therefore, the preferred habitat of this species is a quiet area among 
woody vegetation and trees. The cup-shaped nest is built from grasses, small twigs and 
leaves into bushes, hedges or thick and low vegetation. 
4.2.4 Singing Honeyeater (Lichenostomus virescens) 
The Singing Honeyeater usually lives low in bushes and trees from the ground to a few 
metres up. This bird has various foraging habits. It can be seen with quick movements in 
search of nectars from one branch to another. At other times it feeds on wild or cultivated 
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fruits. It also uses different kinds of insects and spiders as a part of its diet (Frith, 1976). 
This species is the most frequent and widespread among other honeyeater species in 
Australia. It lives in pairs or small flocks. The preferred habitat varies from open arid scrub 
to coastal woodlands. 
4.2.5 Scarlet Robin (Petroica multicolor) 
Like other Robins, the Scarlet Robin is an insect eater that feeds on the ground. The nest 
is built in drier highland forests and woodlands during the breeding season (July to 
January). Their requirement for nesting is a hollow tree stump or tree fork, up to 19 metres 
above the ground. However, in other seasons (mostly winter) single Scarlet Robins move 
to lower open areas, sometimes to cultivated areas, gardens, farmlands, and suburbia 
(Trounson and Trounson, 1989). 
4.2.6 Eurasian Tree Sparrow (Passer montanus) 
The Eurasian Tree Sparrow is another introduced species in Australia, but has not become 
widespread. Unlike the house sparrow, this species is not closely dependent on 
anthropogenic development, however neither has it been distributed widely in bushes and 
other natural habitats, and its abundance is limited around Melbourne area (Frith, 1976). 
The nests are usually built in a tree hole or bush rather than building crevices, comparing 
to the House Sparrow. The nest contains grasses that are lined with feathers.  
4.2.7 Crescent Honeyeater (Phylidonyris pyrrhoptera) 
The Crescent Honeyeater is known as a bird of lowland wet forests and dense vegetation 
along the creeks and streams. Outside the breeding season, these birds prefer coastal 
regions; otherwise they are in high altitude. Normally the Crescent Honeyeater has a 
patchy distribution. The non-breeding birds in these patches remain in the forest rather 
than moving to coastal areas (Frith, 1976). 
The Crescent Honeyeater feeds on nectars and insects. Insects are collected from the 
bark, off the ground or directly from the air. It also feeds on the sap from trees, at a regular 
period of time during the day when the sweet sap is running heavily. 
The Crescent Honeyeater is very hard to see in the forest and its presence is realized by 
its loud calls. It lives in small groups, but does not form flocks. 
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4.3 Bird-vegetation relationship 
In this chapter, the association between birds and vegetation will be studied. For this 
purpose, different aspects of vegetation that may influence the habitat suitability among 
bird species will be discussed. As it was mentioned before, EVCs are the base vegetation 
layer that has been used to study the birds’ habitats. It was also shown that each species 
is abundant at the proximity of certain EVCs that differs from other species. Those 
particular EVCs for each species were merged together to form a single class, called 
potential suitable habitat.  
Since each habitat patch was not occupied by the correspondent species, an analysis was 
conducted to determine which of those patches are more preferred. For this reason, 
habitat patches were identified and their most known metrics were computed by using an 
ArcView GIS add-on, produced by Ferwerda (2003), especially for this type of study. 
Each bird data point (Chapter 3) was analysed according to its location in a particular 
Ecological Vegetation Class (EVC): a 750-metre buffer was defined around each bird 
sample site. Within each buffer, the area of intersected EVC was calculated. This process 
was repeated for each selected bird species. Creating buffers and intersecting them with 
the EVC layer was processed using ArcView GIS ® 3.2a. The “Geoprocessing” extension 
was added to the ArcView application for intersecting themes (buffers and EVCs). This 
process was performed to obtain basic information about the vegetation that surrounds 
each observation point. In the next sections the purpose of this process will be explained. 
4.3.1 Combination of EVCs using broad habitat descriptors 
In order to relate birds’ habitats to the existing EVCs, they were compared to different bird 
habitat types. These habitats are described in Simpson and Day (2004) for Australian bird 
species. They have classified the Australian birds’ habitats into 20 categories. This 
classification is based on essential ecological requirements for Australian birds. The most 
important ecological requirements include: vegetation structure, land cover, and distance 
from water bodies. In some cases, special habitats such as caves and rocks are given. 
Thus, one or more EVCs have been placed in a habitat category with the same 
characteristics. Then these habitat categories have been scored according to the height 
and complexity of woody plants (highest), towards the grassy and barren land cover 
(lowest). This method led to 14 habitat classes for all the seven focal bird species (table 
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4.1). These habitat classes have been rationally ranked into 12 levels according to the 
level of tree/shrub cover. 
The EVC code 997, which is defined as private land with no tree cover, forms the 
background EVC of all other EVC patches. Since this code is present in all buffer areas, it 
has been omitted from the calculations to allow a more specific habitat use among the bird 
species in results. In other words, any local bird can be observed within this EVC, because 
they must traverse it to reach a neighbouring EVC. In addition, for this study, EVCs 998 
(water body) and 999 (undefined) have been disregarded as potential habitat. 
4.3.2 Patch 
Patches are defined as regions that are more-or-less homogeneous with respect to a 
measured variable, which is the ecological vegetation class. The size and shape of a patch 
is important as larger, rounder patches generally provide better quality habitat, having 
internal areas that are less affected by external influences, such as agricultural chemicals, 
weed invasion, and predator impact. Edges of patches, although providing some habitat 
requirements for some species also tend to be more degraded and provide less protection 
for internal dwelling species. Larger areas also tend to support more species, and larger 
populations of species, retaining greater genetic variability.  
Smaller remnants in the rural matrix are also important as they contribute to the 
connectivity or linkage between patches in the landscape. Width of remnants is important, 
as wider remnants have the potential to provide higher floral diversity and vegetation 
health than narrower remnants (Ma et al., 2002). 
4.3.3 Landscape 
Proximity and connectivity to main habitat areas (core) is important. Core habitat areas are 
patches of good quality habitat of reasonable size (in the order of 10s of hectares) where 
flora and fauna are least affected by external threats. These areas may support source 
populations of species that through adequate connectivity in the surrounding landscape 
can colonise neighbouring patches. Connectivity will aid the process of natural 
recolonisation (Eyre et al., 2001). 
Core areas in the rural landscape are areas that are specifically protected for conservation 
purposes but may also include State Forests and other larger tracts of native vegetation 
 72
 
 
 
Table 4-1Comparing and ranking EVCs and habitat types (After Simpson and Day, 2004) 
EVC DESCRIPTION HABITAT TYPE HABITAT DESCRIPTION RANK 
1 Coastal Dune Scrub Mosaic 13 Coastal dunes 11 
2 Coast Banksia Woodland 3 Woodland 2 
3 Damp Sands Herb-rich Woodland 3 Woodland 2 
6 Sand Heathland 6 Heath 6 
8 Wet Heathland 6 Heath 6 
9 Coastal Saltmarsh 12 Salt marshes and mangroves 5 
16 Lowland Forest 2 Open forest 1 
17 Riparian Scrub Complex 4 Eucalyptus scrub and Tall shrub land 4 
18 Riparian Forest 2 Open forest 1 
23 Herb-rich Foothill Forest 2 Open forest 1 
29 Damp Forest 2 Open forest 1 
30 Wet Forest 2 Open forest 1 
48 Heathy Woodland 3 Woodland 2 
53 Swamp Scrub 14 Inland waters 8 
55 Plains Grassy Woodland 3 Woodland 2 
59 Riparian Thicket 3 Woodland 2 
74 Wetland Formation 14 Inland waters 8 
83 Swampy Riparian Woodland 5 Acacia scrubs and tall scrubland 3 
125 Plains Grassy Wetland 14 Inland waters 8 
126 Swampy Riparian Complex 14 Inland waters 8 
128 Grassy Forest 2 Open forest 1 
136 Sedge Wetland 14 Inland waters 8 
140 Mangrove Shrub land 12 Salt marshes and mangroves 5 
159 Clay Heathland/Wet Heathland/Riparian Scrub Mosaic 6 Heath 6 
160 Coastal Dune Scrub 13 Coastal dunes 11 
161 Coastal Headland Scrub 6 Heath 6 
163 Coastal Tussock Grassland 10 Tussock grassland 9 
175 Grassy Woodland 3 Woodland 2 
191 Riparian Scrub 5 Acacia scrubs and tall scrubland 3 
653 Aquatic Herbland/ Plains sedgy wetland mosaic 9 Closed grassland 10 
710 Damp Heathland 6 Heath 6 
793 Damp Heathy Woodland 3 Woodland 2 
858 Calcarenite Dune Woodland 3 Woodland 2 
876 Spray-zone Coastal Shrub land 7 Low shrub land 7 
879 Coastal Dune Grassland 13 Coastal dunes 11 
900 Coastal Saltmarsh/ coastal dune, grassland/ coastal dune scrub/ Headland scrub mosaic 13 Coastal dunes 11 
902 Gully woodland 3 Woodland 2 
904 Coastal scrub grasslands and woodlands 5 Acacia scrubs and tall scrublands 3 
907 Plains grassy forests 2 Open forest 1 
914 Estuarine Flats Grassland  14 Inland waters 8 
921 Coastal Banksia woodland 3 Woodland 2 
935 Salt-tolerant and/or succulent shrub land 12 Salt marshes and mangroves 5 
937 Heathland 6 Heath 6 
938 Wet or damp forest 2 Open forest 1 
988 Quarry 8 Gibber plain 12 
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not specifically managed for conservation purposes. Also some parts of the landscape 
provide habitats that support greater biodiversity, such as moist riparian environments 
(Soderquist et al., 2001; MacNally et al., 2000). These areas may not be large but in terms 
of biodiversity they are very important and may as a result be considered as core areas. 
From a landscape perspective, in order to investigate bird species distributions and 
habitats, the proximity and connectivity between patches are important. The combination 
and composition of different vegetation communities may affect species abundance and 
their habitat selection. If a bird species is specific to a particular vegetation patch, this 
assessment will allow determination of how far a bird must travel to reach the next similar 
patch. 
4.3.4 Landscape Context Tool 
The Landscape Context (v.1.1) tool of Ferwerda (2003) was used to calculate the patch 
metrics. Table 4.2 describes each metric for habitat patches in this study. The spatial 
characteristics of native vegetation for biodiversity purposes can be assessed using the 
Landscape Context tool. This package assumes that large and round patches provide 
better habitat conditions for its fauna, and also patches surrounded by and/or connected to 
other similar communities provide more stable habitats and will cause more species 
assemblages (Ferwerda, 2003).  
The Landscape Context tool is designed to process data in grid format based on a 10-
metre cell size (Fewerda, 2003). The grid must contain values of zero or one, which 
represents the absence or presence of a particular vegetation type. This tool is compatible 
with the EVC layer (EVC_BCS100, DSE Corporate Geospatial Data Library), which has 
been employed for this study. 
This tool generates numerous grids in two general categories: patch-based and 
landscape. They can both be displayed as a theme and the related attribute tables can be 
exported from the software for further analysis. The patch-based grids show different 
ratings based on the size (area) and the shape of each identified patch. These ratings are: 
size (area), maximum thickness, combination of size and shape, focal abundance, 
weighted distance.  
The landscape-based grids contain: the cover percentage around each cell (with a radius 
of 100, 500, 1000, and 5000 metres), a rating of the cell focal abundance, weighted 
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distance to patches with a patch rate equal or larger than 10, 20, 45, and 80 metres and 
their corresponding rated distance grids. The following sub-sections define the metrics that 
are presented in Table 4.2, and calculated by the Landscape Context Tool. 
Table 4-2Description of patch metrics used in this study (Ferwerda, 2003) 
Def-PatchId A grid identifying each individual patch. The grid attribute table stores the 
Landscape Context Rate (scale 0-100) for each patch (Field - LCRate). The 
table also stores patch values and rates for all components that make up the 
Landscape Context Rate. The table can be exported for further analysis or 
reporting. 
Def SS(P)AreahaRate Patch Size Rating (0-100) 
Def SS(P)MaxThRate Patch Maximum Thickness Rating (0-100) (Shape) 
Def SS(P)PatchRate Patch Rating (0-100), based on a combination of the Size and Shape Rating 
Def FA(P)FARate Focal Abundance Rating (0-100) for each patch based on the equally weighted 
sum of the mean % cover of each landscape grid for a patch 
Def WD(P)WDRate Weighted Distance Rating (0-100) for each patch based on the equally 
weighted sum of the rated minimum distance of cells in each patch 
Def FW(P)FWRate Combined Focal Abundance Rate (Def FA(P)FARate) and Weighted Distance 
Rate (Def WD(P)WDRate) for each patch (Landscape Rate) 
Def LC(P)LCRate Combined Patch Rate (Def SS(P)PatchRate) and Landscape Rate (Def 
FW(P)FWRate) for each patch (Landscape Context Rate of a Patch) 
4.3.4.1 Patch Definition and Patch Rates 
Patch definitions are based primarily on minimum patch thickness and contiguity of 
specific EVC cells, aiming to separate the bulkier patches from smaller and more linear 
patches. Based on this, patches can be assessed for size and shape.  The core metric, 
internal distance to edge (or maximum patch thickness) will be used as a surrogate 
measure of patch shape. Internal distance is a measure of the shortest distance a treed 
cell is from a clear cell. Larger, rounder areas of vegetation will have higher internal 
distance values. Clear cells within large otherwise contiguous patches will cause the 
maximum patch thickness values to be lowered. 
To create a patch rating, based on size and shape, these two aspects of the patch will be 
individually rated on a scale from zero (0) to 100; and then added together. 
The ratio of perimeter length to area, were considered for describing patch shape but were 
found to be difficult to interpret. Fractal shape index of clearly linear or rounded shapes 
were easily recognised from the index value. However the range of shapes in between 
would be difficult to classify from the perspective of a landscape context assessment. For 
example, the shape index of a large rounded area with a series of linear projections will 
not reflect the roundness of the patch because the index value is modified by the 
irregularities along the boundary. Maximum patch thickness combined with the minimum 
 75
thickness used to separate linear and bulky patches, was considered to better reflect the 
properties of roundness and bulk required for assessing landscape context. 
4.3.4.2 Landscape and its rating 
Connectivity between patches and to areas of particularly good habitat is important for 
species mobility and recolonisation of patches. For some species the presence of 
continuous linkages between patches of a certain size and shape is critical to their long-
term survival. This second metric will measure the distance of cleared land between a cell 
and the nearest patch of a defined size and shape, indicating how far a species needs to 
travel across cleared land to get to that patch.  
Weighted distance analysis is used to assess cells for their connectivity in the landscape. 
Weighted distance is a measure of distance from a cell to the nearest patch of a specified 
size and shape. The measure is weighted, as the distance between the cell and patch is 
reduced if tiny patches occur in the intervening space. This is a basic view of how species 
utilise the landscape but emphasizes the connectivity provided by patches in the 
landscape. Each cell, as a result of the analysis, will be given a distance value 
representing the amount of cleared land a species would need to navigate in order to 
reach the nearest patch.  
Weighted distance is calculated for a series of patch definitions. For each analysis all 
patches above a certain threshold of size and thickness will form the source patches. 
Larger, rounder patches will be indicative of potential core areas of good quality habitat. 
The closer or more connected a patch is to one of these patches, the more chance there is 
of the patch being utilised and colonised by certain species. Analysis using other patch 
definitions will give an indication of connectivity across the broader landscape. The 
distance values assigned to each cell will be rated so that the different analysis results can 
be added together. The minimum cell rating in a patch will be used to summarise this 
metric for a patch. The process used for this analysis, results in any case, in all cells 
having the same value, since no distance is incurred within a patch. The cells in the 
intervening cleared land, however, form a continuous distance grid. Visually the values in 
these cells can provide a perceptive view of overall landscape connectivity. A landscape 
rating is calculated by adding together the focal abundance and weighted distance ratings. 
The final Landscape Context Rating will be calculated as a sum of the patch rating and the 
landscape rating. This process is shown in figure 4.1. 
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Figure 4-1The process of the Landscape Context assessment (after Ferwerda, 2003) 
4.3.5 Dataset preparation 
4.3.5.1 Identifying the EVCs 
In order to assess the habitats for each of the focal bird species individually, the important 
and critical EVC groups for each species must be identified, based upon the presence of 
each species in the EVCs. A maximum set of four EVCs and a minimum of two have been 
selected based on those that had the greater area for each species. 
The EVC layer is a vector dataset. To analyse this dataset using the Landscape Context 
tool, it must be converted into grids. This has been done using ArcView GIS. As mentioned 
above, the grid cell size for the grid has been set to 10x10 metres, and both map units and 
distance units were set to “metre”. 
The new EVC grid layer was then used as the base dataset in the Landscape Context tool. 
The EVC codes that best describe habitat preferences vary from species to species, since 
they use different habitats. The buffers capture a number of EVCs; ranging from17 (for 
Tree Sparrow) to 32 (for Scarlet Robin) EVCs. Analyses of all the EVCs for the patch 
metrics were not done. Only two to four EVCs were chosen for each species, based on 
their maximum surface area (Tables in Appendix C). Table 4.3 shows the selected EVC 
codes associated with each bird species. 
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Table 4-3Selected EVCs for each species based on the largest areas of each EVC 
Species Selected EVCs 
White-throated Treecreeper 3, 16, 23 
Varied Sittella 16, 48 
Song Thrush 16, 48 
Singing Honeyeater 9, 858 
Scarlet Robin 16, 48, 74, 128 
Eurasian Tree Sparrow 16, 74, 653 
Crescent Honeyeater 3, 16 
The cells containing the selected EVCs for each species were given a value of one, and 
the rest of the study area, zero value. Since the selected EVC codes of Song Thrush and 
Varied Sittella showed the same values, Song Thrush was not considered in the following 
analysis. 
Using ArcView, a separate view for each of the selected bird species was created and 
related EVC grids were added to each view.  
4.3.5.2 Patch rate and Landscape rate 
To show the patch connectivity of the selected EVCs, a rated distance grid was created 
using the weighted distance rating table for the six bird species. The tool calculated those 
patches rated 20 or more only, and grid cell size of 20x20 metres. This is a way to 
ascertain whether a habitat extent is chosen correctly by verifying the location of bird 
species point data relating to the habitat area. This process helps also to disregard the 
small patches (with low rating). 
According to the presence or absence of the bird species, a patch ID table for each 
species has been completed by adding a column titled: Presence. This column has been 
filled with zeros (absent) or ones (present) for each of the patches detected by the toolbox. 
The existence of the species’ point data within the proximity of 750 metres to the patch 
was the criteria for the observation to be included.  
4.3.6 Discriminant function analysis 
At this stage, in addition to patch characteristics, bird species occurrence in a specific 
patch can be determined. In order to show which factors best describe (are more 
associated with) bird abundance, a discriminant function analysis was conducted. 
Discriminant function analysis is used to determine which variables differentiate between 
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two or more naturally occurring groups. In this case, the two-group case (presence or 
absence), discriminant function analysis can also be thought of as multiple regression.  
Discriminant analysis is among the best methods to investigate different aspect of the 
habitat for a particular species according to the species occurrence in certain habitat 
patches. This method shows which other patches are preferred by a species (other than 
vegetation structure, and regarding habitat metrics) based on its current records. In other 
words, it tells us about the most preferred habitat patch size, shape, and also the level of 
fragmentation (connectivity).  
The interpretation of the results of a two-group problem is straightforward and closely 
follows the logic of multiple regression: Those variables with the largest (standardized) 
regression coefficients are the ones that contribute most to the prediction of group 
membership. The Landscape Context Rate of a patch (LCRATE) has been disregarded in 
the calculations, because this metric is derived from the combination of other factors. 
These factors (variables) are: size (area), size (area) ratings, maximum thickness, focal 
abundance (five different class calculations), and weighted distance rates (four different 
class calculations).  
Hence, the variables which best represent key factors of the patch have been identified 
with this method, and are displayed in Table 4.4. 
4.4 Results 
Among the bird species, neither Honeyeaters nor Scarlet Robin show strong significant 
relationship with the selected EVCs that described their habitat type. On the other hand, 
the four other bird species: White-throated Treecreeper, Song Thrush, Eurasian Tree 
Sparrow, and Varied Sittella show significant correlation with at least two of the patch 
metrics, as indicated by an asterisk in Table 4.4. These are described below for each bird 
species.  
Figures in Appendix C show the connectivity rate of patches for selected bird species 
(except Song Thrush). The black dots show species’ records and the coloured area the 
weighted distance rating (1-100) for each patch, based on the equally weighted sum of the 
rated minimum distance of cells in each patch. 
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Simpson and Day (2004) describe the Song Thrush habitats as urban areas, older 
gardens, and parks. However, according to its foraging behaviour, this species needs a 
more or less dense vegetation cover.  
Figure 4-2 the number of records for each species (y axis) varies as weighted distance rates (x axis) 
increases. All species (except Tree Sparrow) have an increase of presence as the rate is increased. 
Figure 4.2 shows how the number of individuals for each of the species increases with the 
weighted distance rate. It is notable that the Eurasian Tree Sparrow is an exception, since 
it has different ecological requirements (Chapter 5 and 6) compared to other species. 
The geographical distribution of Singing Honeyeaters shows that this species is present in 
woodlands situated within a proximity to seashores and sandy soils.  
However, Singing Honeyeaters always remain close to woodlands and woody vegetation. 
Outside the breeding season, Scarlet Robin is dispersed to more open localities (Simpson 
and Day, 2004). This does not mean that this species is dependent on a specific type of 
vegetation, and Scarlet Robins can use various habitat types with various vegetation 
types. 
All the records for Crescent Honeyeaters are located in areas that are close to woody 
plants in form of shrubs and trees. 
According to the current habitat classification, the White-throated Treecreeper is present in 
seven classes. All these classes contain woody plants in the form of tall trees to shrubs, as 
is described for its main habitat factor. All the habitat patch variables, for this species, 
show a partial lambda (which is a test for the significance of the correlation coefficient) 
greater than 0.99. That means the species distribution is associated with all the studied 
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patch metrics. The discriminant factor analysis showed that the distribution of White-
throated Treecreepers are more affected by the size of the patch (AREAHA) and the focal 
abundance of patches with a radius of 100 metres at a P-value  of 0.000223 and 0.042083 
correspondingly. As it was mentioned above, this will also show the correlation between 
the species distribution with Patch Rate and LCRATE. 
The present bird records and applied buffers show that Varied Sittellas occupy eight 
habitat types. The studied patch variables for this species also showed a partial lambda 
greater than 0.99. However, the AREAHA RATE, which describes the rating of the patch 
size, shows a significant relationship with its distribution (p=0.0096). Two other factors that 
are highly correlated are focal abundance 2500 and 5000 metres radius (p=0.04 and 
p=0.0005). Since the maximum movement of the selected bird species was considered at 
a maximum range of a 750-metre radius, these two latter factors could not be counted as a 
distribution predictor for this species. 
The most correlated patch metrics for Song Thrush were the rated weighted distances 45 
and 80 (WDRP 45 and 80) (p=0), as well as FAC 1000, 2500, and 5000. FAC is the Focal 
Abundance of patches within a radius of the number that follows (in metres).  
Among all the selected bird species, Eurasian Tree Sparrows seem to be well known 
because of using urban and industrial habitats and regions close to human presence. But 
at the same time, they seem to appear in areas close to trees and dense woody 
vegetation. The sparrows showed a significant dependence on all the studied metrics 
except three: area, area rating, and FAC5000 (maximum P-value = 0.005). 
These results are summarised in Table 4.4. 
Table 4-4 The most significant habitat variables that affect bird distribution in the MPWPBR (*). Since 
the maximum movement range for all the selected species is considered 750 metres in radius, the 
FAC 1000, 2500, and 5000 can be disregarded for this study. (1= White-throated Treecreeper, 2= Varied 
Sittella, 3= Song Thrush, and 4= Eurasian Tree Sparrow) 
 
 AREA HA 
MAX 
THICK 
AREAHA 
RATE 
MAXTH 
RATE 
PATCH 
RATE 
FAC 
 5000 
FAC 
2500 
FAC  
1000 
FAC  
500 
FAC
100 
FA 
RATE 
WDRP 
10 
WDRP 
20 
WDRP 
45 
1 *         *     
2   *   * *        
3      * * *      * 
4  *  * *  * * * * * * * * 
4.5 Discussion 
Bird-vegetation associations have been studied broadly, mainly for the purpose of the 
conservation of endangered species and their habitat requirements. In addition to 
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vegetation type (structure and floristic), the fragmentation and patchiness of remnant 
native vegetation and the corridors that determine the connectivity of natural habitats are 
important in habitat assessments (Norton and Nix, 1991), and this can help to define 
habitat management priorities in terms of linking important habitat patches in the form of 
habitat corridors. All these factors together must be considered to evaluate and assess the 
habitat conditions of a particular species.  
In this study, the process of assessment of habitat characteristics for seven selected bird 
species and their associations with specific vegetation type can be summarized as follows: 
• Understanding the ecological and environmental requirements of the focal species 
according to their natural history. 
• Comparing and matching habitat requirements with the existing vegetation dataset 
(EVC). 
• Extracting selected EVCs and joining them as the basic habitat unit, separately for 
each species. 
• Computing derived habitat patches for their values. Various habitat metrics can be 
calculated by using the Landscape Context tool. 
• Overlaying the bird data on corresponding habitat patch layers. 
• Analysing the patch layers in regards to whether a patch has been occupied by a bird 
species or not. 
• If there is a significant correlation between the bird species and basic habitat units, 
then the species interest to particular patch characteristics can be analysed. 
• The results can then be used with other habitat factors in order to determine birds as 
predictors of ecosystem condition. 
Birds select their habitats according to landscape features rather than patch measures 
(Saab, 1999; Bailey et al., 2002). However, the presence and abundance of some bird 
species in a particular landscape is strongly correlated with the patch size (Robbins et al., 
1989). Most species need a minimum suitable habitat to meet all their ecological needs. 
These species, sometimes called “area-sensitive” (ibid.), can only occupy a patch if the 
habitat patch, or the collection of related habitat patches, is larger than the species 
minimum habitat requirements. Therefore, patch size information on its own is helpful 
information to model patch occupancy and distribution of bird species in a landscape. 
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In addition to the importance of size, the number of patches and their relative position in 
the landscape is an important issue. Habitat fragmentation will affect habitat use patterns, 
and individual behaviour in habitat use. In order to specify a habitat type for a particular 
species, a combination of EVC layer and broad habitat type was used. Seoane et al. 
(2004) used five vegetation maps with different accuracies, and compared the results for 
the purpose of bird distribution prediction. They showed that all vegetation maps are 
accurate enough to derive a bird distribution model, however, the combination of thematic 
and satellite information maps are the best. 
The assessment of size and shape of patches can be done by measuring the internal 
distance from the edge, which also describes the maximum patch thickness (core metric). 
Hence, larger and round shaped patches will show a higher internal distance value. The 
rating of patch shape and size will be created separately for shape and size, between zero 
and 100, and then added. 
Many software programs exist to calculate the wide range of landscape metrics. Most of 
the metrics are highly correlated one with another. To analyse landscape metrics for their 
statistical independence, Riitters et al. (1995) concluded that the information in 55 metrics 
could be summarised to the six following metrics: 1- dominance, 2- contagion, 3- fractal 
dimension from perimeter/area, 4- average patch perimeter/area ratio, 5- average patch 
perimeter/area ratio orthogonally adjusted, and 6- number of classes. 
The spatial characteristics of a patch and its neighbourhood are described by landscape 
context. Landscape metrics quantify the pattern of the landscape within the specified 
landscape boundary; consequently, the understanding of these metrics and their 
ecological significance requires a good knowledge of the landscape context and the 
openness of the landscape, relative to the event. These concerns are mainly important for 
nearest-neighbour metrics. Nearest-neighbour distances are computed solely from 
patches contained within the landscape boundary. Thus, the landscape context, and the 
openness of landscape must be considered, when choosing and interpreting landscape 
metrics. 
Animal species normally choose their habitats according to some biophysical factors 
(Chapter 2). Among these factors, vegetation plays an important role. It is expected that 
some vegetation communities are preferred by certain species. However, not all similar 
vegetation communities are the host of a particular species. The use of different habitats 
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by a species (in this study, bird species) depends on the size, shape, and the proximity of 
similar patches. Therefore, larger, rounder, and connected patches contain more habitat-
specific species (Fischer and Lindenmeyer, 2002, Olff and Ritchie, 2002). 
In this section, patch size and shape in relation to their distribution have been studied to 
calculate the landscape context. First the patch size and patch shape was rated, and at 
the same time, their proximity and connectivity were calculated. By using the above 
results, the landscape context was rated. 
Bishop and Myers (2005) showed that patch characteristics influence bird species 
composition. They believe that the maps produced during their research, which are 
showing zones of richness, could be used to help guide conservation planning. it means 
the urban development can be directed and planed to an extent that contains lesser 
habitat values. In this method a ranking system must be applied (O’Connell et al., 1998). 
The results showed that among seven species, the Singing Honeyeater, Crescent 
Honeyeater, and Scarlet Robin did not have a significant correlation with a specific 
vegetation type. However that does not mean they are independent from vegetation cover, 
in fact, different issues must be considered for this result. First: we must keep in mind that 
the bird’s data was collected randomly by Birds Australia, at different periods, by different 
persons, and with different methods. The birds’ dataset was not collected for this study, 
therefore, if they are biased, and/or not showing any correlation with a vegetation type, it is 
not surprising. Second: it is important to remember that the matrix in where all the remnant 
vegetation patches are to be found is not bare land. This matrix (EVC 997) is described as: 
no tree cover, no native vegetation, and private land/property. This area actually has a 
diverse form of land cover: farms, gardens, buildings and roads, and other types of land 
modified by humans. Third: these birds can be classified as generalist species or edge 
specialist species. With the current dataset, any further detailed study about this issue 
cannot be carried out. Fourth: other factors than vegetation shape more effectively the 
spatial abundance of birds rather than vegetation type. Some of these factors are studied 
in the next chapter. 
The second group of birds, which show a significant relationship to particular vegetation 
cover, can be assumed as habitat specialist birds. Among these birds, the Eurasian Tree 
Sparrow has the strongest correlation with its corresponding EVC group. However, its 
presence within the determined vegetation is mostly concentrated in a limited region at the 
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northeast of the study area. This could be because that vegetation type in conjunction with 
another factor determines the distribution of a species. This will be discussed in the next 
chapter. 
The White-throated Treecreeper also showed a strong dependence on forests and tall 
woody vegetation. The natural habitat of White–throated Treecreepers is defined as rain 
forest, open forest, and woodland (Simpson and Day, 2004). However, in the study area, 
there have been records of this species in a range of habitat types. This association is 
stronger with habitat patches that have a focal abundance equal to or less than 100 
metres. This species also requires larger patches as suitable habitats. This can be 
explained by its territorial behaviour.  
Sclerophyll Forests and woodlands are defined as suitable habitats for Varied Sittellas 
(Simpson and Day, 2004). The Varied Sittella also shows significant correlation with 
habitat patch size. On the other hand, according to the results, Song Thrush is more likely 
present in patchy habitats where the weighted distance is more important than the patch 
size. 
Simpson and Day (2004) describe the Song Thrush habitats as urban areas, older 
gardens, and parks. However, according to its foraging behaviour, this species needs a 
more or less dense vegetation cover. 
4.6 Conclusion 
The size, shape, and density of vegetation patches can be considered as the main factor 
in habitat selection and preference among avifauna. This Chapter showed clearly that 
selected bird species prefer habitats (vegetation patches) with specific characteristics. 
These specialties of habitat units can be measured and analysed according to spatial 
distribution data of birds, by using software that measures and ranks the corresponding 
habitat metrics. Discriminant factor analysis can be used to differentiate between most 
preferred units and other habitats. 
Now that the main factor (i.e. vegetation) in habitat selection is investigated, and it was 
shown how different aspects of vegetation can contribute to bird distribution, other 
environmental gradients that may affect the distribution and abundance of avifauna must 
be studied. By understanding other major factors, one can be able to produce a 
probabilistic model of species’ distribution. Chapter five will discuss and proceed toward 
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the design of a probabilistic model of distribution for selected species to be validated in the 
field. 
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CHAPTER 5: PROBABILISTIC MODEL OF BIRD 
DISTRIBUTION 
5.1 Introduction 
A model is an abstraction or simplification of reality (Odum, 1975). When models are 
applied to the environment, it is expected that insights about the physical, biological, or 
socio-economic system may be perceived. They may also allow prediction and simulation 
of future outcomes. The reason for building models is to understand, and ultimately 
manage, a sustainable system. 
In the previous chapter we noted the growing importance of the need to consider models 
as an integral part of GIS, and to improve the understanding and application of models. To 
apply GIS to wildlife management, reliable and consistent information on the abundance, 
distribution of species and their habitats is required. The relationship between vegetation 
and species is also necessary and was assessed in Chapter 4. 
This chapter attempts to answer the following questions: 
• How is the presence of the selected bird species correlated to known environmental 
variables and habitat metrics? 
• Is it possible to build a probabilistic model for the presence (and/or absence) of selected 
bird species? 
5.2 Selection of model type 
Nature is too complex and heterogeneous to be predicted accurately in every aspect of 
time and space from a single complex model. Levins (1966) formulated the principle that 
only two out of three desirable model properties (i.e. generality, reality, and precision) can 
be improved simultaneously, while the third property has to be sacrificed. This trade-off 
leads to a distinction of three different groups of models, and its associated limitations are 
consequential when selecting modelling approaches for specific project goals. 
Presence/absence models are derived from biological surveys in which each species is 
recorded as either present or absent at each survey site. Because both presence and 
absence are recorded in the dataset, models from these data can be used to predict the 
probability of a species occurring at unsurveyed sites.  
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A variety of analytical techniques have been used to investigate the relationship of animal 
distribution and environment. These include logistic regression (Pereira and Itami, 1991; 
Buckland and Elston, 1993; Osborne and Tigar, 1992; Walker, 1990; Rodriguez, 1997), 
discriminant analysis (Haworth and Thompson, 1990) classification and regression trees 
(Walker and Moore, 1988; Skidmore et al., 1996), canonical correlation analysis (Andries 
et al., 1994), supervised non-parametric classifiers (Skidmore, 1998; Skidmore et al., 
1996) and neural networks (Skidmore et al., 1997). 
5.2.1 Discriminant analysis 
Discriminant function analysis, or Discriminant Analysis, is used to classify cases into the 
values of a categorical dependent, usually a dichotomy. If discriminant function analysis is 
effective for a set of data, the classification table of correct and incorrect estimates will 
yield a high percentage correct. There are several purposes for Discriminant Analysis: 
• To classify cases into groups using a discriminant prediction equation.  
• To test theory by observing whether cases are classified as predicted.  
• To investigate differences between or among groups.  
• To determine the most parsimonious way to distinguish among groups.  
• To determine the percent of variance in the dependent variable explained by the 
independents.  
• To determine the percent of variance in the dependent variable explained by the 
independents over and above the variance accounted for by control variables, using 
sequential discriminant analysis.  
• To assess the relative importance of the independent variables in classifying the 
dependent variable.  
• To discard variables which are little related to group distinctions.  
• To infer the meaning of Multiple Discriminant Analysis dimensions which distinguish 
groups based on discriminant loadings.  
Discriminant analysis has two steps: (1) an F test (Wilks' lambda) is used to test if the 
discriminant model as a whole is significant, and (2) if the F test shows significance, then 
the individual independent variables are assessed to see which differ significantly in mean 
by group and these are used to classify the dependent variable. 
Discriminant analysis shares all the usual assumptions of correlation, requiring linear and 
homoscedastic (having equal statistical variances) relationships, and untruncated interval 
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or near interval data. Like multiple regression, it also assumes proper model specification 
(inclusion of all important independents and exclusion of extraneous variables). 
Discriminant Analysis also assumes the dependent variable is a true dichotomy since data 
which are forced into dichotomous coding are truncated, attenuating correlation.  
Discriminant Analysis is an earlier alternative to logistic regression, which is now frequently 
used in place of Discriminant Analysis as it usually involves fewer violations of 
assumptions (independent variables needn't be normally distributed, linearly related, or 
have equal within-group variances), is robust, handles categorical as well as continuous 
variables, and has coefficients which many find easier to interpret. Logistic regression is 
preferred when data are not normal in distribution or group sizes are very unequal. 
A discriminant function, also called a canonical root, is a latent variable which is created as 
a linear combination of discriminating (independent) variables, such that:  
L = b1x1 + b2x2 + ... + bnxn + c, 
where the b's are discriminant coefficients, the x's are discriminating variables, and c is a 
constant. This is analogous to multiple regression, but the b's are discriminant coefficients 
which maximize the distance between the means of the criterion (dependent) variable. 
Note that the foregoing assumes the discriminant function is estimated using ordinary 
least-squares, the traditional method, but there is also a version involving maximum 
likelihood estimation. 
Structure coefficients, also called structure correlations or discriminant loadings, are the 
correlations between a given independent variable and the discriminant scores associated 
with a given discriminant function. They are used to tell how closely a variable is related to 
each function in Multiple Discriminant Analysis. Looking at all the structure coefficients for 
a function allows the researcher to assign a label to the dimension it measures, much like 
factor loadings in factor analysis. A table of structure coefficients of each variable with 
each discriminant function is called a canonical structure matrix or factor structure matrix. 
The structure coefficients are whole (not partial) coefficients, similar to correlation 
coefficients, and reflect the uncontrolled association of the discriminating variables with the 
criterion variable, whereas the discriminant coefficients are partial coefficients reflecting 
the unique, controlled association of the discriminating variables with the criterion variable, 
controlling for other variables in the equation. 
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Thus for two-group Discriminant Analysis, the structure coefficients show the order of 
importance of the discriminating variables by total correlation, whereas the standardized 
discriminant coefficients show the order of importance by unique contribution. The sign of 
the structure coefficient also shows the direction of the relationship. For multiple 
discriminant analysis, the structure coefficients additionally allow the researcher to see the 
relative importance of each independent variable on each dimension. 
5.2.2 Logistic regression 
Logistic regression is used to model the relationship between a binary response variable 
and one or more predictor variables, which may be either discrete or continuous. In other 
words, logistic regression can be used to predict a dependent variable on the basis of 
continuous and/or categorical independent variables and to determine the percent of 
variance in the dependent variable explained by the independents, to rank the relative 
importance of independents, to assess interaction effects, and to understand the impact of 
covariate control variables. Logistic regression applies maximum likelihood estimation after 
transforming the dependent into a logit variable (the natural log of the odds of the 
dependent occurring or not). In this way, logistic regression estimates the probability of a 
certain event occurring. Note that logistic regression calculates changes in the log odds of 
the dependent, not changes in the dependent variable itself. 
Discriminant analysis has been used in the past but is now more frequently being replaced 
with logistic regression, as this approach requires fewer assumptions in theory, is more 
statistically robust in practice, and is easier to use and understand than discriminant 
analysis. 
5.2.3 Classification and regression trees 
There are numerous algorithms for predicting continuous variables or categorical variables 
from a set of continuous predictors and/or categorical factor effects. In GDA (General 
Discriminant Function Analysis), one can specify such designs for predicting categorical 
variables. In most general terms, the purpose of the analyses via tree-building algorithms 
is to determine a set of if-then logical (split) conditions that permit accurate prediction or 
classification of cases. As mentioned earlier, there are a large number of methods that an 
analyst can choose from when analysing classification or regression problems. Tree 
classification techniques, when they "work" and produce accurate predictions or predicted 
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classifications based on few logical if-then conditions, have a number of advantages over 
many of those alternative techniques.  
In most cases, the interpretation of results summarized in a tree is very simple. This 
simplicity is useful not only for purposes of rapid classification of new observations (it is 
much easier to evaluate just one or two logical conditions, than to compute classification 
scores for each possible group, or predicted values, based on all predictors and using 
possibly some complex nonlinear model equations), but can also often yield a much 
simpler "model" for explaining why observations are classified or predicted in a particular 
manner.  
5.2.4 Canonical correlation analysis 
Canonical correlation analysis (CCA) is a way of measuring the linear relationship between 
two multidimensional variables. It finds two bases, one for each variable, that are optimal 
with respect to correlations and, at the same time, it finds the corresponding correlations. 
In other words, it finds the two bases in which the correlation matrix between the variables 
is diagonal and the correlations on the diagonal are maximized. The dimensionality of 
these new bases is equal to or less than the smallest dimensionality of the two variables.  
An important property of canonical correlations is that they are invariant with respect to 
affine transformations of the variables. This is the most important difference between CCA 
and ordinary correlation analysis which highly depend on the basis in which the variables 
are described. 
5.2.5 Non-parametric classifiers 
The objective of a classification system is to assign a pattern presented to it to a class 
using the feature vector (list of attribute values). There are a variety of classifiers used for 
classification. The complexity of the classification problem is dependent on the variability 
of the feature values for patterns in the same class relative to the difference between 
feature values for patterns in different classes. Consequently the optimality of a classifier is 
dataset dependent. Therefore achieving optimal performance for a pattern recognition 
system is not necessarily consistent with obtaining the best performance for a single 
classifier. In practice, one might come across a case where no single classifier can make a 
classification with an acceptable level of accuracy. In such cases it might be better to pool 
the results of different classifiers to achieve the optimal decision accuracy. Each classifier 
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can operate well on different aspects of the input feature vector. Under appropriate 
assumptions, combining multiple classifiers may lead to improved generalization 
performance when compared with any single constituent classifier. 
The non-parametric classifier, itself, is constituted of several approaches such as: k-
Nearest Neighbour, Parzen Window, Bayesian Classifier, Decision Tree, and Multi-layer 
Perceptron (MLP). 
5.2.6 Neural networks 
A neural network is usually described in terms of its “hidden nodes”. Each hidden node 
can be thought of as a function, taking a linear combination of the explanatory variables as 
an input and returning the logistic transformation as its output. The neural network then 
takes a linear combination of the outputs of the hidden nodes to give the fitted value at a 
point. 
A neural network is a standard parametric model, with a likelihood and parameters to be 
fit. Neural networks are just another example of a basis function method for nonparametric 
regression. 
5.2.7 Model selection 
According to the method by which the species data are collected, two different predictive 
performances of observations can be considered. First: the presence/absence data 
collected by planned systematic field surveys, and second: presence-only data gathered 
from unplanned surveys (this study). 
Presence-only models are derived from datasets in which only the locations of known 
presence of a species are recorded. No record is kept of those areas that were surveyed 
without detecting the species, which are absent sites. Because of this, presence-only 
datasets are particularly biased in geographical or environmental coverage. However, 
these datasets can be analysed to predict the relative likelihood of the presence sample 
sites (discriminant analysis), and then comparison made with areas in which no 
observations were recorded. This is the approach to be taken in this study. 
Based on the nature of birds’ data, and according to different statistical models used in this 
type of research, the best predictive model(s) to be applied are discriminant analysis and 
Binary logistic regression. As shown in Chapter 4, discriminant analysis is best to show the 
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level of impact of each of the variables on bird distribution, but as explained above, to build 
a predictive model based upon a binary input, binary logistic regression will show a better 
result. 
5.3 Predictive variables 
Habitat selection among avifauna operates through a series of behavioural decisions at 
several spatial scales, that is why studying their distributional pattern is difficult. Based on 
our knowledge of their natural history and ecological factors, some of the most relevant 
biophysical and anthropogenic factors that most affect their habitat suitability are studied in 
order to develop a distribution model of focal bird species within the study area. 
The distribution of a species may be related to many variables that can be well illustrated 
by GIS using data layers. Many layers may be irrelevant and knowledge about the ecology 
of the species could reduce the number of the variables included in the analysis.  
5.3.1 Habitat patches and landscape 
As discussed in Chapter 4, Ecological Vegetation Classes (EVCs) were used to identify 
habitat patches, according to each species’ ecological need, and the spatial records within 
each unit. After identifying ‘habitat patches’, those patches in which observations of the 
species were recorded (including the 750 metre buffer) were compared with other patches, 
in terms of bird occurrences. 
In this study, the most significant vegetation patches for each species, in accordance to 
their presence, were determined (Chapter 4). The analyses of habitat preferences were 
conducted at two scales; patch, and landscape. Patches are defined as regions that are 
more-or-less homogeneous with respect to a measured variable, which is the ecological 
vegetation class in this study. For example, the White-throated Treecreeper is more likely 
to be recorded within the proximity or inside vegetation covers that contain tall trees and 
more or less dense in terms of number of trees per surface; these are the characteristics 
that match with three EVC units (Chapter 3), and were considered as this species’ habitat 
patches. The rest of the EVCs were considered as non-habitats, the back ground, or the 
matrix. 
The composition and configuration of patches result in landscape characteristics. 
Composition refers to the variety and relative abundance of patch types represented on 
the landscape, and the configuration (or structure) of the landscape is described by 
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position, orientation, or shape complexity of patches on the landscape.  All these metrics 
can be calculated and being given a value, by using the Landscape Context Tool (Chapter 
4).  
Moreover, most of the indices are correlated among themselves, because there are only a 
few primary measurements that can be made from patches (patch type, area, edge, and 
neighbour type), and all metrics are then derived from these primary measures. Riitters et 
al. (1995) summarized the major components of pattern in a large number of sample 
landscapes (classified satellite imagery) and recommended a minimal set of non-
redundant (minimally correlated) indices. Indeed, they found that only five metrics could 
capture most of the variability in their samples. In fact, in Chapter 4, it was shown that 
different patch and landscape metrics could be summarized as Patch Rate, and 
Landscape Context Rates capturing the major habitat characteristics. These ratings are 
based on the suitability of the patches and their connectivity, regarding the ecological 
aspect of habitat preference by wildlife species; the rounder, larger, and more contagious 
patches are preferred. The ratings range between 1 and 100 for both patch and 
landscape. 
Since the “patch rate” and “landscape context rate” were the best factors for determining 
the presence of the species (representing all other metrics), they were plotted against 
each other to find the probable limits of the species presence. From the outcome, patches 
with suitable characteristics for the species were selected using GIS software. Thus, a set 
of suitable patches, according to the habitat metrics was identified. 
5.3.2 Distance from sea shore 
Another factor that seemed to be important, in terms of habitat selection among certain 
species, was the distance from the sea shore. In other words, patches located at a specific 
distance from the coast line, were preferred. This preference seemed to be different 
among selected species, from very high to neutral. However, in order to calculate the 
distance of patches from the coast line, two “extensions” for ArcView software called 
“centre of mass v. 1.a” (Jenness, 2004a) and “Nearest Features v. 3.8a” (Jenness, 2004b) 
were used. The first extension generates a point theme representing the polygon 
centroids. The point theme contains all the original attribute fields of the original polygon 
theme. By knowing the centre of each patch, regardless of its shape, their proximity to any 
other theme can be calculated.  
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The Nearest Feature extension creates a new button on the VIEW toolbar which enables 
the identification and comparison of features that are nearest to some set of selected input 
features. This is especially useful to determine the proximity of patches to other features, 
in this case, the coastline. 
5.3.3 Distance from built-up areas 
In a similar fashion to seashores, the proximity of each patch’s centroid to built-up areas 
was calculated. The outcomes were used to compare patches containing species’ 
observation records with other patches. From visual assessment of the observations using 
the GIS software, it was suggested that for some species, built-up areas had a positive, 
negative, or neutral effect on their distribution. 
5.3.4 Combination of variables 
It is typical to measure many habitat variables which turn out to be correlated with one 
another. This fact was analysed and discussed in Chapter 4. Habitat patches were 
identified, and rated, based on the patch characteristics. Thus, patch rate and landscape 
context rate describe all associated patch metrics.  
On the other hand, some species seemed to be affected by built-up areas, and some 
others preferred coastal areas, while, certain patch and landscape characteristics are 
required for their presence. Thus, these four factors were plotted separately for each 
species (see figures in Appendix C) to determine the suitable range of habitat by 
estimating the probable presence of each species in a particular location. 
These figures will facilitate the selection of the range of habitat factors where the 
probability of the presence of a species is higher. According to the literature it is known 
that the larger and connected patches are preferred by animal species, but what is 
important in this study is the minimum requirement for each individual species. Also, 
identifying the lower limits of patch connectivity will help with adapting the models to new 
locations. For example, Figure D.2 in Appendix D shows clearly that the White-throated 
Treecreeper is present in patches that have a rating of more than 45 for landscape, and 
more than 20 at a patch level. This method was repeated for all selected species 
(Appendix D).  
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5.4 Model building and testing 
5.4.1 General Linear Model 
Whenever the data take the form of presence or absence at a series of plots, a linear 
regression model is inappropriate, since each record can only take two discrete values; 
zero or one. Logistic regression is a powerful approach which can handle this problem, 
either for a single variable or for many (Jongman et al., 1995). An attractive feature of the 
approach is that the model equation predicts the probability of the bird occurring at a point 
with any one set of habitat variables. So, within the normal limitations of regression 
models, there will be an equation with the capacity to model effects of habitat changes on 
the probability of an observation. In addition, logistic models can be developed for a 
number of species. 
The bird data used to develop the logistic models are presence-only type. The most 
common analysis to define habitat suitability in this case is discriminant analysis, and 
logistic regression. Discriminant analysis was conducted (Chapter 4) to identify which 
vegetation patch factors are more important for each bird species. However, since factors 
other than vegetation appeared to be important for at least some of the species, and factor 
interactions might be significant, a predictive model is required, based on environmental 
variables that determine habitat suitability. 
For this purpose, a General Linear Model was developed by using binary logistic 
regression design. This statistical analysis is especially helpful when presences have to be 
compared with absences (binary). At the same time, the outcomes show us the 
significance of the factors in terms of bird distribution. Binary logistic regression has also 
been used to classify observations into one of two categories, thus, it may give fewer 
classification errors than discriminant analysis for most cases. 
Minitab (2003) was used to run the binary logistic regression for each species. The 
presence of the species in some habitat patches was considered as the response of the 
model. Four environmental factors (patch rate, landscape rate, distance of patches to built-
up areas, and distance of patches to sea shores) were the model predictors. In addition, 
three goodness-of-fit tests (Pearson, Deviance, and Hosmer-Lemeshow) were performed; 
a table of observed and expected frequencies, and measures of association were 
produced.  
The model for the predicted presence of species “i” can be written as below:  
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(5.1) 
where iY  is the value of the linear predictor for species i, i0β  is the constant coefficient, i1β  
to i4β are variable coefficients, and ix1  to ix4  are variable values. The results for each 
species are shown in Table 5.1, giving the iβ , and their associated error for each species, 
i. Next, various tests of significance for the model are studied. 
Table 5-1Logistic Regression Table for selected bird species (P=0.000) 
 
Species Log-likelihood Predictors Coefficient SE P 
Constant -7.006 0.269 0.000 
Patch Rate -0.074 0.007 0.000 
Landscape Rate 0.173 0.011 0.000 
Dist. To Buildings -0.0001 0.000001 0.000 
Scarlet Robin -1404.223 
Dist. To shore -0.00001 0.000005 0.014 
Constant -8.335 0.475 0.000 
Patch Rate -0.111 0.011 0.000 
Landscape Rate 0.259 0.019 0.000 
Dist. To Buildings -0.0002 0.00003 0.000 
Crescent Honeyeater -428.261 
Dist. To shore -0.00007 0.00002 0.000 
Constant -7.615 0.494 0.000 
Patch Rate -0.111 0.012 0.000 
Landscape Rate 0.227 0.019 0.000 
Dist. To Buildings -0.0001 0.00003 0.000 
Singing Honeyeater -498.934 
Dist. To shore -0.0003 0.00008 0.001 
Constant -4.096 0.275 0.000 
Patch Rate -0.040 0.008 0.000 
Landscape Rate 0.099 0.013 0.000 
Dist. To Buildings -0.0001 0.00001 0.000 
Varied Sittella -1694.513 
Dist. To shore -0.00002 0.000005 0.000 
Constant -1.174 0.725 0.105 
Patch Rate 0.0007 0.021 0.970 
Landscape Rate 0.032 0.033 0.326 
Dist. To Buildings -0.0005 0.0001 0.000 
Eurasian Tree Sparrow -146.925 
Dist. To shore -0.0006 0.0001 0.000 
Constant -5.317 0.458 0.000 
Patch Rate -0.043 0.0149 0.004 
Landscape Rate 0.082 0.022 0.000 
Dist. To Buildings -0.0003 0.00003 0.000 
Song Thrush -768.507 
Dist. To shore 0.00006 0.000007 0.000 
Constant -5.453 0.198 0.000 
Patch Rate -0.080 0.005 0.000 
Landscape Rate 0.177 0.008 0.000 
Dist. To Buildings -0.0001 0.000008 0.000 
White-throated 
Treecreeper -2631.065 
Dist. To shore -0.000006 0.000004 0.085 
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5.4.2 G-Statistic 
In practice, several different measures exist for determining the significance of a logistic 
regression model. Perhaps the most straightforward measure of a goodness of fit is the G 
statistic. The G statistic measures a difference in deviance between two models. To 
determine the overall significance for a model using the G statistic, the deviance for the 
model and the deviance for the intercept-only model, where all the iβ  are equal to zero, 
are subtracted. The larger the difference, the greater is the evidence that the model is 
significant. The G statistic follows a chi-squared distribution with p - 1 degrees of freedom, 
where p is the number of variables in the model. 
The G value tests that all the coefficients associated with model variables equal zero 
versus these coefficient not all being equal to zero. This value is especially useful when 
the P-value is greater than 0.05. In this study the P-value of the logistic regression analysis 
for all the species is equal to zero. In other words, this shows that there is sufficient 
evidence that at least one of the coefficients is different from zero, given that the accepted 
α level is less than 0.05.  
5.4.3 Log-likelihood 
Likelihood is a probability; specifically, the probability that the observed values of the 
dependent variable can be predicted from the observed values of the independent 
variables. The likelihood values vary from 0 to 1. The log-likelihood varies from 0 to minus 
infinity. The log-likelihood of the models were calculated along with the G statistics. The 
log-likelihood cannot be used alone as a measure of fit because it depends on sample 
size, but can be used to compare two models. The smaller the value the better the model 
will be. Table 5.1 shows the log-likelihood for all seven bird species. 
5.4.4 Goodness-of-fit tests 
Normally, in a modelling process using binary logistic regression, if the data fit the model 
at a significant level (P-value<α), then there will be no need for further analysis. However, 
since the aim of this study is to identify indicators among bird species to represent the 
conditions of (or possible changes in) the environment, more detailed investigation is 
needed to ensure that this model can be used to predict the habitat suitability for 
management purposes. Therefore, other tests such as goodness-of-fit, groupings, and 
measures of association should be carried out to ensure the validity of the model for 
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indicator determination. For logistic regression, the deviance (also known as residual 
deviance) is used to assess the fit of the overall model. The deviance for a logistic model 
can be compared to the residual sum of squares in ordinary regression. The smaller the 
deviance, the better is the fit of the model. The deviance can be compared to a chi-square 
distribution (Figures 5.1 to 5.7), which approximates the distribution of the deviance.  
The large number for G (Table 5.1) with 4 degrees of freedom, and P-value less than 
0.001; rejects the hypothesis that the slope in the logistic regression is zero, thus, it can be 
concluded that the studied environmental factors does give us statistically significant 
information about the bird distribution. 
A variety of statistical tests can be applied in order to assess how well the model describes 
the data. In this study three tests (Pearson, Deviance, and Hosmer-Lemenshow) were 
used (Table 5.2). The Hosmer-Lemenshow test assesses the fit of the model by 
comparing the observed and expected frequencies. The estimated probabilities are 
grouped from lowest to highest, and then the Chi Square statistic is calculated to 
determine if the observed and expected frequencies are significantly different. When the 
Hosmer-Lemenshow test is significant, it means that the observed counts and those 
predicted by the model are not close and the model does not describe the data well, and 
vice versa. The results show a significant P-value of the Hosmer-Lemenshow test for all 
seven selected species. This is due to the great difference between presence and 
absence data, so using this test is not a reliable method to test the data fit in the model. 
On the other hand, the Deviance and Pearson tests, which are types of residuals, show a 
large P-value (>0.05) that indicates that there is a good fit of the data to the model. Table 
5.2 shows a summary of the results of the goodness-of-fit tests for all species. 
Table 5-2Summary of applied goodness-of-fit tests for all seven bird species 
Species Pearson P Deviance P Hosmer-Lemenshow P 
Scarlet Robin 0.478 1.000 0.002 
Crescent Honeyeater 0.999 1.000 0.025 
Singing Honeyeater 1.000 1.000 0.067 
Varied Sittella 1.000 1.000 0.000 
Eurasian Tree sparrow 1.000 1.000 0.992 
Song Thrush 1.000 1.000 0.000 
White-throated Treecreeper 1.000 1.000 0.000 
 
Two out of seven species have a P-value of all the three tests greater than 0.05. It shows 
that the model for Singing Honeyeater and Eurasian Tree Sparrow is more reliable, 
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compared with the other five species. However, because of the high P-value of the other 
two tests, one can still use the model for all the species. 
5.4.5 Groupings 
The results from the table of observed and expected frequencies (Appendix E) show how 
well the model fits the data by comparing observed and expected frequencies. Group one 
contains data with the lowest estimated probability, and group 10 contains data with the 
highest estimated probability. Since there is no disparity between expected and observed 
data at any of the levels and the total number of observed and expected values matches 
the number of actual records, there is sufficient evidence that the data can be described by 
the model. 
5.4.6 Measures of association 
Another assessment to test how good the data fits the model was performed. The 
numbers and percents that the table of measures of association give us are: concordant, 
discordant, and tied pairs (Table 5.3). A pair of observations is concordant if the 
observation with the observed response value of 1 has a higher predicted probability of 
being 1 based on the model, than the observation with the observed response of 0, and, a 
pair of observations is discordant if the observation with the observed response value of 1 
has a lower predicted probability of being 1 based on the model, than the observation with 
the observed response of 0. As it is shown in Table 5.3, all the species have a concordant 
number greater than the discordant. In this regard, the species with the highest difference 
between these two values is the Eurasian Tree Sparrow. 
 In addition, a common rank correlation statistic is displayed; these values measure the 
association between the observed responses and predicted probabilities. These measures 
most likely lie between zero and one. The larger values indicate that the model has a 
better predictive ability. 
Table 5-3Measures of association between the response variable and predicted probabilities 
Species Concordant Discordant Ties Summary measures’ range 
Scarlet Robin 75.4 22.6 2 0.03-0.54 
Crescent Honeyeater 89.4 8.4 2.2 0.02-0.83 
Singing Honeyeater 77.6 21.4 0.9 0.06-0.57 
Varied Sittella 74.5 24.4 1.2 0.04-0.51 
Eurasian Tree sparrow 98.0 1.9 0.1 0.01-0.96 
Song Thrush 80.6 17.4 1.9 0.02-0.64 
White-throated Treecreeper 74.8 24.6 0.6 0.09-0.51 
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The results from the model showed a good predictive ability, because the range exceeds 
0.5. The maximum measure was 0.96 (Somers’ D) for Eurasian Tree Sparrow. Table 5.3 
also shows a summary of the results for measure of association between pairs for each 
species. The summary measures are given as a range comprising all these three tests: 
Somers’ D, Goodman-Kruskal Gamma, and Kendall’s Tau-a. The larger the number is, the 
better the model fits. 
5.4.7 Diagnostic plots 
The delta Chi-Square versus probability plots helps to identify patterns that did not fit well. 
Delta Chi-Square measures changes in the Pearson Goodness-of-fit statistics. Points that 
are away from the main cluster correspond to low predicted probability. As long as the 
points are connected or are very close to each other, they can be considered as a cluster 
(Figures 5.1 to 5.7). Points that are away from the cluster represent observations that do 
not fit the model; in other words these are observations of low probability. 
In this study, according to these plots, the number of observation points that have a low 
probability as described by the model for each species are as follows: Scarlet Robin: 2, 
Crescent Honeyeater: 5, Singing Honeyeater: 2, Varied Sittella: 1, Eurasian Tree Sparrow: 
7, Song Thrush: 1, White-throated Treecreeper: 1 (these points are shown with red 
arrows). This is certainly a good result, because relative to the number of records and the 
large number of identified patches, few observation points (for each bird species) are 
identified as observations that cannot be described properly by the model. However, the 
interpretation of these plots depends completely on personal feeling and may differ from 
one individual to another. The low probability observations in these figures are shown with 
red arrows. 
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Figure 5-1delta Chi Square versus probability showing outliers for Scarlet Robin 
 
 
 
 
 
Figure 5-2Plotted delta Chi Square versus probability showing outliers for Crescent Honeyeater 
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Figure 5-3Plotted delta Chi Square versus probability showing outliers for Singing Honeyeater 
 
 
 
 
 
Figure 5-4Plotted delta Chi Square versus probability showing outliers for Varied Sittella 
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Figure 5-5Plotted delta Chi Square versus probability showing outliers for Eurasian Tree Sparrow 
 
 
 
 
Figure 5-6Plotted delta Chi Square versus probability showing outliers for Song Thrush 
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Figure 5-7Plotted delta Chi Square versus probability showing outliers for White-throated Treecreeper 
5.4.8 Odds ratio 
While the response variable in a logistic regression is a binary variable, with 0 and 1 
values, the logistic regression equation, which is a linear equation, does not predict the 0/1 
variable itself. In fact, before the development of logistic regression in the 1970s, this is 
what was done under the name of discriminant analysis. A multiple linear least squares 
regression was fitted with a binary variable as a response. The method fell out of favour 
because the discriminant function was not easy to interpret. The significance of the 
regression coefficients could be used to claim that specific independent variables had 
predictive capability, but the coefficients themselves did not have a simple practical 
interpretation. In practice, a cut-off prediction value was determined. A case was classified 
as a 1 or a 0 depending on whether its predicted value exceeded the cut-off. The predicted 
value could not be interpreted as a probability because it could be less than 0 or greater 
than 1.  
Instead of classifying an observation into one group or the other, logistic regression 
predicts the probability that an indicator variable is equal to 1. To be precise, the logistic 
regression equation does not directly predict the probability that the indicator is equal to 1. 
It predicts the log odds that an observation will have an indicator equal to 1. The odds of 
an event are defined as the ratio of the probability that an event occurs to the probability 
that it fails to occur. In other words, it reflects how likely it is that the observed values of the 
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dependent may be predicted from the observed values of the independents. The odds 
ratio of the probability of a species to be present in the particular habitat patch is shown in 
the logistic regression table in Appendix E for each species. 
5.5 Results 
5.5.1 Logistic regression model 
Table 5.1 shows the results for the presence of all seven bird species versus four habitat 
variables. For each species, the results from the binary logistic regression are presented. 
The four environmental variables of each patch were assessed by considering whether 
there was a presence or not. The P-value for each of the environmental factors is shown 
separately, while the P-value for the G statistic was zero. From the Table 5.1, the following 
can be described for each species: 
The presence of the Scarlet Robin has a direct relationship with the landscape rate; the 
higher the Landscape Context Rate, the higher the probability of presence. Since the 
coefficient numbers for variables Patch Rate, distance to built-up areas, and distance to 
shore are negative, its presence has an inverse relationship with those variables. 
However, all four variables have significant effect on the presence, since the P value is 
less than 0.05. The same pattern is resulted for five other birds (i.e. Crescent Honeyeater, 
Singing Honeyeater, Varied Sittella, Song Thrush, and White-throated Treecreeper). 
However, in the case of the White-throated Treecreeper, the distance to shore is not a 
significant variable for the modelling. 
The Eurasian Tree Sparrow shows a different abundance pattern, compared to other bird 
species. This bird does not have a significant correlation with vegetation features (i.e. 
Patch Rate and Landscape Context Rate). However, there is a very significant correlation 
between the presence of the species with the proximity to buildings and shore line. 
It is remarkable that the distance coefficients are very small numbers. This is due to the 
scale in which the distances were displayed (metres). It is clear that if the scale is changed 
into kilometres, it will change the magnitude of the corresponding coefficient. 
5.5.2 Probabilistic model 
While the observed dependent variable is binary, the response variable in logistic 
regression is not. However, the logistic regression equation does not directly predict the 
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probability that the response is equal to 1. It predicts the log odds that an observation will 
have a response equal to 1.  
To calculate the predicted probability of the presence of a bird species in a habitat, with a 
known Patch Rate, Landscape Rate, distance to built-up area, and distance to sea shore, 
the following equation is used, where “ iY ” indicates the response variable from equation 
5.1: 
)exp(1
1
)(
i
presence Y−+=Ρ                                                      (5.2) 
The result will be a number between zero and one, the closer to one; the higher the 
probability of presence. For example, for Song Thrush in a habitat patch with patch rate of 
25, landscape rate of 63, 2500 metre from buildings, 3000 metre from seashore, from 
Equation 5.2, the probability to observe a Song Thrush in this location will be 0.142 or 
14.2%. But the visual GIS study shows that most of the species records are located within 
the built-up areas or very close to them. So if the patch rating is reduced to 10 and at the 
same time the distance to buildings and seashore is decreased to 100 and 200 metres 
respectively, the probability of being present will change to 35.5%.  
It is remarkable that the Odds Ratio for all the seven species follows the same pattern; 
patch rate<1, landscape rate>1, and both measured distances (buildings and shores) =1. 
On the other hand, the coefficient for landscape rate is larger than patch rate, and the two 
other variables have the lowest values. Thus, it can be assumed that the landscape 
pattern of the vegetation is playing a more significant role than the vegetation patch itself. 
However, other variables have their own effects, and cannot be ignored. 
In some cases, it seems that there are correlations between two variables. This can be 
noticed with the variables “Distance to Buildings” and “Distance to Shore” for Eurasian 
Tree Sparrow. This has happened because of the specific circumstances of the study 
area, which has the built-up areas extended along the sea shore, especially on the 
western regions of the Mornington peninsula. This will cause the distance measurements 
of patches to shore and buildings to be the same on the western part of the study area; all 
the Eurasian Tree Sparrow records are on the western part. This means that the two 
variables are correlated and only one is therefore necessary in the model. In addition, low 
amounts of vegetation cover in built-up areas have resulted in a low significant association 
between this species and the patch and landscape ratings. 
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Table 5-4Comparison of log-likelihoods among all selected bird species. The G statistic is also displayed 
Species Log-likelihood G statistic DF P-value 
Scarlet Robin -1404.223 354.512 4 0.000 
Crescent Honeyeater -428.261 358.988 4 0.000 
Singing Honeyeater -498.934 166.398 4 0.000 
Varied Sittella -1694.513 386.941 4 0.000 
Eurasian Tree Sparrow -146.925 251.599 4 0.000 
Song Thrush -768.507 222.398 4 0.000 
White-throated Treecreeper -2631.065 757.139 4 0.000 
Table 5.4 shows the log-likelihood, G statistic, and the corresponding P-value for each 
species. It shows that there is a very significant association between the geographical 
species distribution and accounted habitat variables.  
However, by referring to the regression table and focusing on the individual variables’ P-
values separately (Table 5.1), one will realize that some P-values are more than 0.05 (for 
example, P values for patch rate and landscape rate for Eurasian Tree Sparrow are 0.97 
and 0.326 respectively). That means the corresponding variables have minimal or no 
effect on habitat selection for the species. 
5.6 Model validation 
The main objective of model validation is to assess whether the built model predicts the 
presence of the selected species at the appropriate site under the different environmental 
gradients, which are to be encountered throughout the study area. To validate the model, 
a field investigation was carried out to assess the validation of the models. Locations that 
the model predicted as suitable habitats of the species, but where there were no 
observations recorded, were investigated in the field. In addition we noted that certain 
species were absent in sites that were predicted to be unsuitable for those species. This is 
a well known method of validating predictive models where presence/absence data are 
used (Loyn, 2001). 
The predicted sites were identified using a portable GPS (Global Positioning System) and 
marked on the map with the help of GIS. Once identified, the locations were inspected for 
the presence (and absence) of each of the particular species.   
5.6.1 Predictions 
The developed model shows which level of the studied predictors has the maximum effect 
on the prediction of each species’ presence. However, in addition to the model’s 
coefficients, the suitable range of habitat patches were visually confirmed by referring to 
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the probability plots shown in Appendix D. These plots show the minimum limit of each of 
the predictors to be considered as suitable habitats. 
Regarding the P-value, the value of the variable coefficients, and the probability plots, and 
also considering the potential habitat patches for each of the species (section 4.3), suitable 
habitats were defined. This was arranged using ArcView GIS by mapping suitable habitat 
patches within the study area. As expected, after overlaying the bird dataset on the 
modelled suitable habitats, the observation points were located either in the habitat 
patches, or in the proximity of 750 metre. However, not all the patches contained 
observations points due to a non-systematic sampling method and the use of pre-existing 
data. 
The patches that contained no bird data were identified as those in which a field study 
should be carried out to validate the model by direct observation of corresponding species. 
5.6.2 Field study 
The suitable habitat patches identified for each species were mapped and those without 
species records were selected for field survey. The Varied Sittella, White-throated 
Treecreeper, and Crescent Honeyeater had overlapped study sites situated in the same 
location. Other species’ survey sites were located apart. By using local maps the 
representative locations were found. With the help of 8x50 binoculars and a bird field guide 
(Simpson and Day, 2004), the site was scanned for expected species. The birds have 
been identified and using a Global Positioning System (GPS) the observation points were 
recorded. They were then converted to a format to be used in a GIS. 
5.6.3 Validation results 
Seven sites were identified as having a high probability of presence of the bird species.  In 
five of these sites, the predicted species was observed after a very short time period (less 
than one hour). In addition, no species were observed at those  
sites that weren’t predicted to be there, validating the absence data.   
For the Eurasian Tree Sparrow, it was shown that the proximity to the built-up areas is 
more important, rather than the proximity to the shore. In other words, as explained in 
Section 5.5.2, since buildings and coast line are extended through the same directions, 
they have been considered with the same effect in habitat selection. However, to validate 
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the model for Eurasian Tree Sparrow, the proximity to the shore was disregarded, and it 
was only tested upon the proximity to the buildings, despite the location being relatively 
remote from the shore. 
Table 5-5Coordinates and location of observed species for data validation 
The locations, coordinates and species are indicated in Table 5.5. The validation process 
was successful for five of the seven species for presence data and in the remaining two 
sites, no observations were taken. These results show that the predictive model that has 
been developed has been validated quite successfully. 
5.7 Conclusion 
Wildlife distribution and abundance patterns depend on many environmental factors. This 
study attempted to simplify the process of habitat selection and identify the most important 
factors in habitat preference among selected bird species. The chapter clearly showed that 
specific vegetation patterns play the most important determinant role for six bird species 
and the proximity to the buildings is critical for Eurasian Tree Sparrow. Some of the 
studied factors may have a neutral effect for some species, but some other environmental 
conditions are critical for other birds. 
Two variables (distance to shore and distance to built-up areas) may have strong 
correlation for some locations, since they coincide on the peninsula.  
It is useful to keep in mind that the birds’ observation points have been used to define the 
potentially preferred and suitable habitats by applying the “home range” buffer around 
each species. Based on the resulted habitat patches, which vary from species to species 
in terms of vegetation classes (EVC), other variables such as proximities to the built-up 
areas and sea shore were measured and have been used in the model. In other words, 
the centre of mass of each potential habitat patch was used to calculate the two other 
distance variables, given that the Patch Rate and the Landscape Context Rate are known 
for each patch.  
SPECIES LATITUDE LONGITUDE LOCATION 
Crescent Honeyeater -38.30470 145.65335 Langlang 
Singing Honeyeater -38.21727 145.34090  
White-throated Treecreeper -38.30445 145.65383 Langlang 
Eurasian Tree Sparrow -38.00482 145.40988 Upper Beaconsfield 
Varied Sittella -38.30512 145.64926 Langlang 
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This question may arise that how one can consider locations with no species record as 
absence data? The answer lies in the method where the bird data was collected. By 
referring to Chapter 3, it is clear that the observer, who made the field observation and 
identified the species, has spent 20 minutes at each site, and recorded all the distinctive 
birds in that area based on the search method (also explained in the same section). Figure 
5.8 shows all the existing records (more than 45000) within the study area for 271 species 
in a four year period between 1998 and 2002. This figure shows that most of the study 
area has an acceptable number of records in terms of coverage. Thus, we suggest that 
areas (patches) where there was no data recorded for the presence of a particular species 
can be assumed as absence data. 
 
Figure 5-8The point data of all the 271 bird species in the MPWPBR. Each colour represents a bird species. 
However, because of resolution limitations, not all the species can be distinguished. 
In many cases, the observation points that have not indicated a specific species is present 
lie. However, within a “patch” that has been constructed around a “presence” observation 
and thus must be considered as patches where presence is likely. Hence, it is not 
necessarily an “absence” data point. Because of this we have used models that are 
designed for presence only data. 
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The model described in this chapter can predict the probability of the presence of any of 
the selected bird species by knowing the value of the studied environmental factors. 
Checking the presence of selected bird species in the field was performed to validate the 
model. Where the model indicated high probability of species occurrence, the location was 
inspected in the field, and the corresponding expected species (or a colony of the species’ 
individuals) was found within the proximity of 750 metres of the habitat patch. 
Since the predictive model was performed successfully, in the next Chapter the possibility 
to present indicators of ecosystem condition, and consequently biodiversity status, will be 
studied. 
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CHAPTER 6: INDICATOR DETERMINATION AND 
APPLICATIONS 
 
 
6.1 Introduction 
Biodiversity indicators are information tools, summarizing data on complex environmental 
issues to indicate the overall status and trends of biodiversity. They can be used to assess 
and quantify ecosystem management performance or progress in meeting defined targets, 
and to point to key issues to be addressed through decision making. The development of 
indicators is, therefore, important for monitoring the status and trends of biological diversity 
and, in turn, feeding back information on ways to continually improve the effectiveness of 
biodiversity management programmes. 
Biodiversity indicators build a bridge between decision-making and science. Policy makers 
set the targets and objectives, while scientists determine relevant variables of biodiversity 
to measure in order to monitor its current state. They develop models to make projections 
of future biodiversity status. Once determined and introduced, indicators contribute to 
monitoring and research programmes for better conservation by helping managers save 
cost and time. 
In general, satellite imagery is used to identify areas of significant human impact in natural 
landscapes; fragmentation, for example, can be observed by studying sequences of 
images over time. However, the point at which the fragmentation causes changes in 
avifaunal distribution cannot be observed from satellite images. Hence, in this study, the 
aim is to observe changes in bird distribution in terms of habitat suitability, and use the 
model to then determine the level of change in the habitat by using avifaunal abundance. 
The aim of this chapter is to choose bio-indicators among bird species, based on current 
indicator selection criteria, or if necessary, develop new criteria, by considering the 
biophysical conditions in the study area, and the outcomes of the previous chapters, which 
resulted in suitable habitat modelling. These objectives can be put in question form as 
follows: 
• Which of the selected bird species show(s) a significant dependence on one or more 
studied environmental variables, suggesting that they might be ideal indicators of 
those factors? 
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• How can the indicator determination process be applied to another site with different 
data types, and what sort of data will be needed? 
6.2 Methods 
6.2.1 Introduction to indicator selection 
This study aims to select bird species as indicators of biodiversity. To choose a species as 
an indicator, one should first identify the purpose of using indicator species. Since 
biodiversity is dependent on many factors, the selected indicator species should reflect the 
environmental conditions so that one can interpret changes in the indicator species in 
terms of indications of changes in the environment. 
In general, to select a species as an indicator, the following criteria are to be considered 
(Muller-Dombois and Ellenberg, 1974): 
• The species should be well known from the taxonomic point of view. 
• To ensure that the tolerances and requirements of the species are well understood, its 
biology must be well known. They also need to be permanent residents of the area of 
study. 
• To be able to involve inexperienced and local people in the survey, indicators should be 
chosen among more or less common species. 
• The species should be specialized to one habitat, or to one set of conditions that it is 
supposed to be indicator of. Specialist species (stenotopic) are preferred. 
The above criteria, along with those in section 3.3.2 seem to be adequate to meet the 
research goals. 
6.2.2 Data analysis 
In order to compare the selected species according to their dependency to a particular 
range of studied environmental factors (which are: vegetation patch ratings, landscape 
ratings, distance from built-up areas, and distance from shore), applying a one-way 
ANOVA is the best approach. The term one-way analysis of variance (one- or single factor 
analysis of variance) is used because the sample data are separated into groups 
according to one characteristic or factor. For this purpose, the data that was prepared in 
Chapter 5 (the presence-absence) data has been adopted to be used for ANOVA in the 
following way: 
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1) All the absence data were removed for each species. 
2) A separate datasheet was created for each variable using the presence-only data. 
3) Four datasets were produced, each representing the presence of species including the 
corresponding variable. This was prepared to be used in MINITAB ® 14 (2004) for one-way 
analysis of variance. 
To help with the interpretation of the results, a box plot (box and whiskers graph) of 
variables, which shows the spread of the variable values for each species, was produced. 
6.3 Results 
The one-way ANOVA command in MINITAB will enable us to perform hypothesis tests for 
equality of means for the different levels for each factor. The four variables in this study 
have been analysed with this technique. In the following subsections, the results of the 
analysis are shown. 
6.3.1 Patch rate 
In the analysis of variance, the most important statistic is the P-value. It will demonstrate 
whether the means are significantly different from each other or not. Table 6.1 shows that 
P= 0.113, which is larger than the α-level which is 0.05, for the observed species in 
patches with corresponding ratings.  
Table 6-1- Analysis of variance table for Patch rates 
Source DF SS MS F P 
Factor 6 2490 415 1.72   0.113 
Error 2189 528701 242   
Total 2195 531192    
Since the P-value does not show a significant difference between means, and Ho (all 
means are equal) is rejected, no further study is necessary and it describes that the 
average patch rate for the seven selected species are not significantly different from each 
other, and thus, none of the species can be selected as indicators of patch rate. 
6.3.2 Landscape rate 
As it was shown in Chapters 4 and 5, most species (except Eurasian Tree Sparrow) 
distribution were significantly associated with the Landscape Rate. This means that their 
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presence shows at least a limited range of landscape characteristics, which in turn, 
represents different aspects of habitat patch units such as: connectivity, proximity, and the 
effect of patch size to its proximity to other patches. 
The ANOVA test examines the range of Landscape Rates separately for each species. 
This is especially very helpful in determining a (group of) species as indicator(s) of the 
conditions of habitat patches and related similar surrounding patches. Table 6.2 shows the 
results of analysis of variance of landscape ratings of those patches in which bird species 
were observed. 
Table 6-2- Analysis of variance table for Landscape rate 
Source SS DF MS F P 
Factor 6 13493 2249 21.02 0.000 
Error 2189 234247 107   
Total 2195 247741    
Table 6.2 shows that at least two of the species have significant difference in the means of 
Landscape Rate. In other words, these bird species can be classified into two or more 
groups, each representing a certain range of landscape condition. Therefore, to separate 
different species according to their preferences in a particular range of landscape rate, a 
Confidence Interval (CI) was created that is shown in Table 6.3 for all species. 
Table 6-3Individual 95% Confidence Intervals for mean Landscape Rate 
Species           N   Mean  StDev  -------+---------+---------+---------+-- 
Treecreeper     914  32.53   9.84                    (-*-) 
Thrush          170  27.09   8.55  (---*----) 
Sparrow          45  28.87  12.80   (-------*--------) 
Sittella        450  28.40   9.66       (--*--) 
S. Honey        153  33.03   9.65                   (---*----) 
C.  Honey       117  36.15  13.84                           (----*-----) 
Robin           347  33.73  11.78                      (--*--) 
                                   -------+---------+---------+---------+-- 
                                       28.0      31.5      35.0      38.5 
 
This Table is based on information from all the species, and is a form of average of the 
SDs from each species. The parentheses represent the C.I. of the species’ presence in the 
landscape rate. The mean is indicated with a star sign. The vertical overlapped areas 
within parentheses between species show that those birds are using the same range of 
Landscape Rate within the overlapped area. Figure 6.1 shows a clearer picture of this 
issue. This Figure along with Table 6.3 is useful in differentiating species according to their 
range of environmental gradients. 
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Figure 6-1-Interval plot of species for Landscape Rate 
6.3.3 Distance to sea shore 
Most of the bird species (except the White-throated Treecreeper) have shown a very 
significant association with the distance to shore (Chapter 5). Table 6.4 shows that this 
association differs between species (P=0.000). 
Table 6-4Analysis of variance table for Distance from Shore 
Source DF SS MS F P 
Factor 6 31187250398  5197875066  63.01   0.000 
Error 2189 1.80577E+11 82492826   
Total 2195 2.11764E+11    
By referring to the pooled Standard Deviation (Table 6.5), the differences between the 
means will be shown. 
Table 6-5Individual 95% Confidence Intervals for mean-based on pooled Standard Deviation 
Level               N   Mean  StDev  -+---------+---------+---------+-------- 
Treecreeper       914  11158   9668                        (*) 
Thrush            170  16724  10078                                  (-*--) 
Sparrow            45   2337    657  (-----*----) 
Sittella          450   8720   7660                   (*-) 
S. Honey          153   1162   1002  (--*--) 
C. Honey          117   6917   7169              (--*--) 
Robin             347  14272  11479                              (-*) 
                                     -+---------+---------+---------+-------- 
                                      0      5000     10000     15000 
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Figure 6-2- Interval plot of species for distance to shore 
Unlike the Landscape Rate, the distance to shore interval plots has less overlaps between 
species, therefore this can be kept in mind in identifying indicators.  
6.3.4 Distance to Built-up areas 
The distance to Built-up areas of species’ records has also a significant difference 
between the means (P=0.000) using ANOVA. The analysis of variance table is shown in 
Table 6.6. 
Table 6-6Analysis of variance table for Distance from built-up areas 
Source DF SS MS F P 
Factor 6 9538716775   1589786129  128.24   0.000 
Error 2189 27135994551    12396526   
Total 2195 36674711327    
 
By referring Table 6.7, the differences in the distribution of species according to distance 
to urban environments can be interpreted. Five of the species are present within the 
proximity of about 2500 to 6000 metres from built-up areas while the Eurasian Tree 
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Sparrow prefers habitats within 1000 metres, while the White-throated Treecreeper choses 
locations more than 7500 metres away from built-up areas. 
Table 6-7Individual 95% Confidence Intervals for mean-based on pooled Standard Deviation 
Level              N  Mean  StDev  +---------+---------+---------+--------- 
Treecreeper Bld  914  7956   3291                                 (*) 
Thrush bld       170  3315   2385             (-*-) 
Sparrow bld       45   991    635  (---*---) 
Sittella bld     450  3980   3781                 (*) 
S. Honey bld     153  2721   3350           (-*-) 
C. Honey bld     117  4286   3667                 (-*--) 
Robin bld.       347  5696   4362                       (-*) 
                                   +---------+---------+---------+--------- 
                                   0      2500      5000      7500 
As it is shown in Figure 6.3, the interval plot also shows that those two species (the White-
throated Treecreeper and the Eurasian Tree Sparrow) can be considered as indicators of 
human development. This is due to the significant difference on habitat selection according 
to the distance to the built-up areas. 
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Figure 6-3- Interval plot of species for distance to built-up areas 
6.3.5 Box plots 
Box plots are graphs for helping the interpretation of the results. Each box (grey rectangle) 
represents the middle 50% of the data, and the line in the box is the median. The lines 
extending from the box show the upper and lower 25% of the data, outliers are excluded, 
and are shown with asterisks. The means are shown with the cross symbol. The 
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distributions of seven bird species according to the studied environmental gradients are 
shown in figures 6.4 to 6.7 in the form of box plots. 
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Figure 6-4- Box plot of species vs. Patch Rates; the outliers are shown by stars 
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Figure 6-5- Box plot of species vs. Landscape Rates; the outliers are shown by stars 
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Figure 6-6- Box plot of species vs. distance to built-up areas; the outliers are shown by stars 
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Figure 6-7- Box plot of species vs. the distance to sea shore; the outliers are shown by stars 
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The Box plot graphs are especially useful in the process of indicator identification. This is 
where we can determine how sensitive a species might be to environmental variables, 
thus, stenotopic and eurytopic species can be identified (Chapter 2). In other words, the 
smaller the box, the more dependent is that species on the corresponding variable. In 
addition, the number of outliers must be considered. The outliers can be the result of first: 
other features that may affect the habitat suitability near the patches, but outside the study 
area, and, second: other unstudied factors that may affect the bird distribution within the 
study area for those species with greater number of outliers. These can be considered for 
future studies at a larger scale. 
6.4 Discussion and conclusion 
The results show that at least two of variables can be used as indicator determination 
tools, since they depict a very significant difference between the means. The patch rate is 
the only factor that did not show significant correlation with the species presences. This is 
due to the strong relationship between species and habitat patch characteristics (Chapter 
5).   
It is useful to recall that each bird is studied according to their corresponding habitat 
patches. That means the spatial analysis of one species matches its own suitable habitat 
patches. Those habitat patches differ for other species. The reason that they were 
compared here was that most of the selected species use a forested habitat or at least 
they are dependent on these environments. Since the Ecological Vegetation Classes 
(EVC) were used for this study, and they are a very fine scale classification of the 
vegetation, one may have the feeling that each class may vary broadly from others, but in 
fact, they can be classified as general forest, as described in Chapter 3. Therefore, when 
these species are compared, in terms of habitat patches, the results point to the sensitivity 
of species to the patchiness of their unique habitat. 
At a patch level, there is no significant difference between the means. In other words, none 
of the species (or group of species) can be specified as indicators of patch quality, since 
they show the same level of significance to the Patch Rate. 
At the landscape level (relationship between patches and their interactions), different 
species are significantly different in terms of habitat selection (Table 6.3, and Figure 6.1). 
Among all the species, the White-throated Treecreeper and the Varied Sittella have the 
narrowest range of Landscape Rate suitability; in contrast, the Eurasian Tree Sparrow 
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seems to be more tolerant to the landscape conditions (Figure 6.1). From Figure 6.1, one 
can clearly conclude that the Song Thrush does not necessarily need a high Landscape 
Rate compared to the Crescent Honeyeater that shows more dependency to higher levels 
of Landscape Rate. Therefore, these bird species (except the Eurasian Tree Sparrow) can 
be representatives of a certain degree of Landscape Rate, which then can be interpreted 
as the habitat fragmentation and/or connectivity of habitat patches. More over, any change 
in population density, or the presence or absence of species, can predict the trend of 
landscape conditions. Figure 6.1 can be modified to a chart, as shown in Figure 6.8, for a 
better view of the discussed issue. 
 
Figure 6-8 Diagram showing the ranking of the occurrence of species relating to different levels of Landscape 
Rate 
The Eurasian Tree Sparrow was not considered in this ranking, since this species tolerates 
a wide range of Landscape Rates. Therefore, another variable that is more descriptive of 
the species’ suitable habitats must be used. 
By referring to the Figure 6.3, it is possible to rank the bird species according to their 
association with the built-up areas. The Eurasian Tree Sparrow prefers closer distance to 
the built-up areas, while the White-throated Treecreeper keeps the maximum distance to 
the built-up areas, compared to other bird species. These seven bird species can be 
ranked based on their presence at a relative distance to the built-up areas, as shown in 
Figure 6.9. 
Like the Landscape Rate, the change of population of any of the species can indicate 
urban development, or habitat loss, even before they can be detected by remotely sensed 
photographs. The reason is the sensitivity of birds and quick response to minor changes in 
their habitats. 
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Figure 6-9 Diagram showing the ranking of the occurrence of species relating to different levels of distance to 
built-up areas 
The distance to shore is not a useful predictor to be used as indicator because it is a 
constant variable. However, it was a necessary environmental gradient for habitat 
modelling (Chapter 5). 
As a final conclusion, it can be determined that a single species cannot be used as the 
indicator of a particular aspect of the environment. Species must be compared together 
relatively, based on their suitable habitats and according to their population dynamics 
along the levels of the specified focal habitat variable. Each species covers a range of 
habitat factors, and it may have overlaps with other species. Thus, two species that have 
the maximum difference of resource use (for example, in Figure 6.8; the Song Thrush and 
the Crescent Honeyeater) can be compared for general awareness. However, to measure 
the precise change of the environment over time, studying the population change of each 
species is essential. 
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CHAPTER 7: GENERAL DISCUSSION AND CONCLUSION 
 
 
7.1 Introduction 
 
The aim of this thesis was to investigate the possibility of identifying bird species as 
indicators of biodiversity. The main goal is to facilitate the management of natural 
resources, particularly natural reserves, and national parks, in terms of preserving and/or 
improving the existing biodiversity in a cost effective and time saving way, within the 
related area, by benefiting from the low-level knowledge of local rangers.  
By referring to the aims and objectives of this study in Chapter 1, this last chapter 
addresses the research questions in relation to the results and findings of the study.  
7.2 Use of presence to indicate absence 
The species data set is not collected systematically (in terms of location), so it may appear 
that it provides only the presence of a particular species at a specific location. However, all 
other observation sites, with at least one record (no matter the species) can be considered 
as absence data for all other species. This is because of the way that bird data were 
collected (Section 3.3.4). At the observation site, the observer records all the existing 
species during the observation period. Therefore, when a species is not recorded at that 
location, it can be assumed that it is not present. Figure 5.8 shows how the recorded bird 
data (observation sites) cover the study area, so locations that do not record a ‘presence’ 
for a particular species, can be assumed as an ‘absence’ for that species. 
7.3 Habitat patches and birds 
According to the literature, the main environmental gradient that describes and mostly 
affects the distribution of avifauna is vegetation (Chapters 2 and 3). However, one or more 
aspects of the vegetation characteristics (such as structure, floristics, patchiness, and 
fragmentation) may affect the distributional pattern of certain bird species (Chapter 2). 
In this study, the most significant vegetation patches for each species were determined 
(Chapter 4), according to their presence. The analyses of habitat preferences were 
conducted at two scales; habitat patches, and landscape. Patches are defined as regions 
that are more-or-less homogeneous with respect to a measured variable, which is the 
ecological vegetation class. The composition and configuration of patches result in 
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landscape characteristics. Composition refers to the variety and relative abundance of 
patch types represented on the landscape, and the configuration (or structure) of the 
landscape is described by position, orientation, or shape complexity of patches on the 
landscape.  
All these metrics can be calculated and given a value, by using the Landscape Context 
Tool (Chapter 4). However, there are still only two major components (composition and 
structure), and only a few categories within of each of these.  
The results indicated that all selected species’ distributions are significantly associated 
with vegetation cover using discriminant analysis techniques. It shows that certain 
vegetation classes can be considered as the primary determinant factor in bird distribution 
and habitat selection. However, from the spatial study of the bird record points, and 
vegetation patches, it was assumed that factors other than vegetation may affect the 
species’ distribution. This fact led to the development of a probabilistic distributional model 
for the selected birds to find out which factors have a more significant role in terms of 
habitat selection for each of the species, and what variables do not affect the suitability of 
the habitats. 
These results answer clearly the research questions 1 and 2 (1.2.3). Both floristics (in 
Chapter 3) and pattern (in Chapter 4) were studied, and it was shown how different 
species respond to specific vegetation conditions. 
7.4 Habitat suitability models 
The ability to model spatial distribution and change in distribution of birds is of 
considerable importance in wildlife management. Once spatial distribution is effectively 
modelled, distribution and abundance may be successfully predicted by keeping track of 
key factors’ change in order to manage the area of concern toward a sustainable system. 
GIS can be a valuable tool in modelling bird distribution if the necessary data are available. 
However, data availability is currently the limiting factor in many areas. 
Production of a suitability map requires a model to predict the suitability of land for a 
wildlife species given a set of attributes. The distribution of a species may be related to 
many independent variables made easier with the use of a GIS. However, one may 
become flooded by the mass of data layers available in a GIS. Many layers (or even the 
outcomes) may be irrelevant to the problem. The number of independent variables 
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included in the analysis could be reduced using theory-based knowledge about the 
ecology of the species. Even then, however, many variables might be retained and 
frequently they will tend to be highly correlated. Osborne and Tigar (1992) and Buckland 
and Elston (1993) used principal component analysis (PCA) and subsequently regressed 
the dependent variable against the principal components. Duchateau et al. (1997) used 
PCA to reduce the spatial properties of the data and to identify a reduced set of climatic 
predictor variables. These were then regressed against the independent variable, the 
presence of outbreaks of a tick borne livestock disease. Unlike those, in the current study, 
first the habitat patches were discriminated based on the species records to identify 
suitable vegetation patches most likely used by each of the species. These patches were 
considered as habitat units to be modelled in combination with two other environmental 
factors; distance to shore and to built-up areas (Alizadeh Shabani et al., 2005b). In other 
words, more than two statistical designs were used for a better result in habitat modelling; 
the discriminant analysis to identify relevant habitat units, and logistic regression to model 
the distributional pattern of the species according to other environmental predictors. 
The outcomes showed that with the exception of the Eurasian Tree Sparrow, the six 
selected bird species had a very significant relationship with the vegetation patch (EVC) 
variable. Those EVCs can be assumed as the base descriptor for the prediction of suitable 
habitats.  
Chapter 5 of this thesis shows how a probabilistic model of species presence is 
successfully built, and the results of the model validation confirmed that such a model can 
be used to predict suitable habitats of a particular species (research question 3). 
7.5 Field validation 
A field study was carried out to ascertain the functionality of the developed probabilistic 
model (5.6.1 and 5.6.2). According to the model, areas (habitat patches) with high 
presence probability of a species (more than 50%) were determined using the GIS. All the 
species were located within or very close to those areas. However, we should have some 
estimation why patches with a high probability of presence had none. This might occur 
because of the long distance of those patches to the usual observation sites and or access 
impediments, so they were not frequented by bird watchers. 
At five of the seven sites, the desired species were easily detected and recorded. This 
confirms the practicality of this approach in predicting and detecting suitable habitats for 
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fauna, especially when the target species is locally, nationally, or internationally 
threatened, or of great concern. 
7.6 Indicators 
The modelling process identifies significant variables, and the final model may be useful in 
deriving predictions of the occurrence of species in unobserved areas of the landscape or 
study area. If spatial data for significant variables are available, then prediction of the 
probability of occurrence of the species can be generated, and displayed in a geographic 
form. Now the question is how can indicators of a certain environmental condition be 
determined among birds, after their distributions have been modelled.  
The modelled predictive distribution of the Eurasian Tree Sparrow showed that the factors 
that best described their abundance are the distance from shore, and distance from built-
up areas (P=0.000). However, since in the literature there were no specific indication to the 
relation between this species and its proximity to the shoreline, we referred to the 
distribution spatial maps and found that most of the built-up areas in this study area are 
spread out along the seashore extent. By disregarding this last gradient, the validation of 
the model confirmed that the best habitat descriptor for this species is the built up area, 
and the distance from the seashore has less effect, despite the model showing a 
significant association. This fact confirms that the Eurasian Tree Sparrow’s distribution in 
the study area is highly dependent to the human presence. Since this species is 
introduced to the area, and its geographical distribution is expanding, it is possible that in 
the future, it will adapt itself to the new conditions, as well as other environmental factors 
(such as vegetation and land cover). Therefore, it is possible that the model and its 
coefficients being modified and even new important environmental factors have to be 
added to the model, as the species expands its distribution. 
The Singing Honeyeater has a significant association with the coastal woodlands that vary 
from tidal zones to dune woodlands where the salt spray effect is less extreme (EVC 9, 
and 898). This type of vegetation with a minimum Landscape Rate of 31 (more or less 
connected medium sized patches to patchy units) seems to be a suitable habitat for this 
species. From a conservation perspective, to maintain this species along with all its other 
associated effects on the environment (such as pollination, pest control, and biodiversity 
values), it is best to preserve and improve the remaining coastal woodlands within the 
MPWPBR, at least 1000 metres from the sea shore. 
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Built-up areas significantly affect the White-throated Treecreeper’s habitat suitability, 
because it is most likely recorded in patches that are about 8000 metres away from urban 
development sites. It was also shown (Figure 6.1) that this species prefers a Landscape 
Rate of about 31. For management purposes, this can help as an indicator of urban 
development by knowing that the White-throated Treecreeper avoids the built-up areas. 
Maybe this is because buildings affect the habitat suitability by fragmenting minimum 
habitat area requirements and destroys the territorial behaviour between individuals 
(Alizadeh Shabani et al., 2005a). Alternatively, the White-throated Treecreeper’s habitat is 
also suitable for a large number of other species (birds, mammals, reptiles, and 
invertebrates). This species can be considered as an umbrella species, and as an 
indicator of biodiversity integrity. 
By referring to Figures 6.1-6.3, the suitable habitats of the Song Thrush can be defined as: 
patchy landscape (with a wide range and average of 27), at least 15000 metres away from 
the sea shore, and with an  average distance of 3500 metres to built-up areas. Similar to 
the Eurasian Tree Sparrow, Song Thrush is also an introduced species to the area. But 
because this bird (compared to the Eurasian Tree Sparrow) is less dependent on the 
human presence, and is mainly able to obtain its environmental needs from natural areas, 
it is seen in sub-urban areas. However, this species is occasionally being reported from 
urban parks and gardens. 
Among all the studied bird species, the Crescent Honeyeater has the most significant 
association with the high level of Landscape Rate (average 36). Since this species also 
avoids the built-up areas (minimum 3000 metres), it also can be considered as an indicator 
of less fragmented forests, as well as regions with minimum human activity. From Figure 
6.2, it can be concluded that these habitats are located an average distance of 6000 
metres from the shore line. 
The Scarlet Robin, compared to other studied species, is average in terms of Landscape 
Rate, distance to built-up areas, and distance to sea shore. This can be explained by 
referring to the natural history and ecological needs of this species (briefly explained in 
section 4.2.5). This bird migrates within the area between highland forests and lowland 
woodlands during the year. Since in this study, the date of observations was not included, 
the distribution of the Scarlet Robin was modelled in general for the whole year, 
disregarding the breeding season, or the time of the year. This caused the model to show 
a combination of different habitats that can be suitable for this species. 
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As it is shown, a group of birds are better indicators of environmental condition, rather than 
a single species. These indicators can be used to show the degree of human impact on 
natural environment, or, from the other hand, the urbanisation extents. This is shown in 
Chapter 6, and addresses to the research questions 4 and 5. 
7.7 Practical application of indicators and guidelines 
This study demonstrated that the selected birds to be used as indicators were practically 
linked to the ecological function of concern. A straightforward link may require only a brief 
explanation, such as the case of the Eurasian Tree Sparrow. But if the link is indirect or the 
indicator itself is particularly complex, such as the Singing Honeyeater, ecological 
relevance should be clarified with a description, or conceptual model. For example, a 
conceptual model is recommended if an indicator is comprised of different measurements 
or if it will contribute to a weighted index. In such cases, the relevance of each component 
to ecological function should be described. In other words, explanations and models 
should include the principal stressors that are presumed to impact the indicator, as well as 
the resulting ecological response. This information, of course, should be supported by 
available environmental, ecological, and resource management literature. 
Indicator responses may change over time, even when ecological conditions remain 
relatively stable. Observed changes in this case may be attributable to weather, 
succession, population cycles, or other natural inter-annual variations. Estimates of 
variability across years should be examined to ensure that the indicator reflects true trends 
in ecological condition for characteristics that are relevant to the assessment question. To 
determine the inter-annual stability of an indicator, monitoring must proceed for several 
years at sites known to have remained in the same ecological condition. Where the 
conditions change, this too must be monitored to assess the changes in the species 
distribution over. For example, as the habitat suitability of the Eurasian Tree Sparrow 
spreads with urban development, so too does the observed distribution of the Eurasian 
Tree Sparrow. 
Indicator responses to various environmental conditions must be consistent across the 
monitoring region if that region is treated as a single reporting unit. Locations within the 
reporting unit that are known to be in similar ecological condition should depict similar 
indicator results. If spatial variability occurs due to regional differences in physiography or 
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habitat, it may be necessary to normalize the indicator across the region, or to divide the 
reporting area into more homogeneous units. 
To facilitate interpretation of indicator results, threshold values or ranges of values should 
be proposed. Justification can be based on documented threshold, regulatory criteria, 
historical records, experimental studies, or observed responses at reference sites along a 
condition gradient. This study showed that most of these justifications can be considered 
by using GIS for habitat modelling. Thresholds may also include safety margins or risk 
considerations.  
Finally, an indicator is useful only if it can provide information to support a management 
decision or to quantify the success of past decisions. Policy makers and resource 
managers must be able to recognise the implications of indicator results for conservation, 
regulation, or research. An indicator with practical application should display on or more of 
the following characteristics: responsive to a specific stressor, linkage to policy indicators, 
utility in cost-benefit assessments, limitation, and boundaries of application, and public 
understanding and acceptance.  
7.8 Identifying indicator species in Iran and limiting factors 
One of the main objectives of this study was to develop a method by which the conditions 
and trends in an ecosystem can be identified and evaluated. The developed model is 
designed to aid in the assessment of a particular ecosystem, using birds as indicators of 
ecosystem change. Therefore, to meet this aim, data quality and availability in Iran should 
be discussed in order to develop indicator species, not necessarily only among avifauna, 
for better ecosystem management in national parks and protected areas, which can be 
later expanded to surrounding regions and national levels. 
The wildlife distribution data in Iran is in the form of hard copy, not accurate, not updated, 
and not with a specific date and location of observation. In other words, the data is 
inconsistent and ultimately cannot be used for GIS based studies similar to those in this 
thesis. Thus, the first step is to collect the wildlife data in a systematic manner where the 
exact spatial position is indicated, so then they can be applicable in a GIS. This can be 
done by involving rangers in gathering data after being trained with GPS handsets, as part 
of their duty. It is expected that a large amount of observed wildlife data can be recorded in 
a short period of time. Once the officers are trained, more records can be collected when 
case studies are needed to be carried out.  
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Another important limitation in applying this approach in Iran is the format and accuracy of 
habitat units and vegetation cover layers. Most of the information is very broad, in hard 
copy, and not accurate enough. Some vegetation layers exist in digital format. However, 
they are not suitable to be considered as habitat units since they represent the extents of a 
general vegetation type (e.g. forest, or grassland). To be successful in identifying habitat 
suitability for various wildlife species, these broad units must be categorised into several 
smaller ecological patches, which depict the biophysical aspects of the ecosystem, and 
major environmental gradients that may affect habitat preference among wildlife species. 
7.9 Proposed future studies 
Since the current study contained a range of different topics (such as habitat 
fragmentation, habitat modelling, GIS mapping, vegetation classification, and indicator 
issues), and for each topic appropriate solutions were used to suit the aims of the 
research, various proposals for better performing similar studies can be offered. 
The Ecological Vegetation Class (EVC) layer was actually very helpful for this type of 
study. However, its application is only limited to Victoria, Australia. In the case of Iran, a 
detailed vegetation classification that reflects the environmental characteristics, which then 
can be used for faunal habitat modelling, is essential. Once created, it can be updated 
yearly, or prior to each study for the area of concern. 
Based on the produced vegetation classification layer, the distribution of recorded fauna 
(observed at the exact location) can be located on the layer. Therefore, to describe the 
habitat characteristics of species, codes of land cover can be used instead of general 
terms (such as open forest, or hilly grassland). In the long-term, this process will result an 
accurate animal distribution map, precisely indicating preferred habitat for each species. 
This map can be used to extrapolate other potential habitats to introduce (or reintroduce) 
individuals to new areas in cases of the conservation of threatened species (the case of 
the Fallow Deer: Dama dama mesopotamica in Iran; Chapman and Chapman, 1980). 
The GIS technology is quickly improving. By using this useful tool to create a data bank for 
all the animal species at a national level, and updating it regularly upon yearly reports, the 
current knowledge in Iran will be greatly enhanced. In addition, this will improve the 
modelling accuracy of wildlife distribution. By implementing the processes, described in 
this thesis, a suitable habitat model for most of the Iranian wildlife can be developed, from 
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which indicators of environmental change can be identified for conservation decision 
making. 
This thesis describes a method whereby suitable habitats of groups of terrestrial fauna can 
be modelled and predicted by using existing data  This prediction model is highly 
recommended for management of protected areas (especially in Iran), where the increase 
or decline of certain species indicates a specific change in the balance of the 
environmental factors of that area. By using this method, these changes can be identified 
and managed before the environmental changes are evident from satellite imagery. 
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Appendix A: Comparison of different bioclimatic classification 
Table A1- the legend of the different bioclimatic classifications 
 Holdridge life zone 
classification (1967) 
Köppen (1936) 
climate 
classification 
Budyko's (1986) biogeographical zones BIOME (Prentice et al. 1992) 
1 Ice EF Ice/polar desert Ice/polar desert 
2 Polar desert ET Tundra Semi-desert 
3 Polar dry tundra Dfd Taiga Tundra 
4 Polar moist tundra Dfc Continental taiga Taiga 
5 Polar wet tundra Dfb Continental steppe Cold deciduous forest 
6 Polar rain tundra DFa Temperate mixed and deciduous forest Cool grass and shrubs 
7 Boreal desert Dwd Temperate steppe Cool conifer forest 
8 Boreal dry bush Dwc Subtropical mixed and deciduous forest Cold mixed forest 
9 Boreal moist forest Dwb Subtropical xerophytic wood Cool mixed forest 
10 Boreal wet forest Dwa Subtropical steppe Temperate deciduous forest 
11 Boreal rain forest Cfc Tropical rain forest Evergreen/warm mixed forest 
12 Cool temperate desert Cfb Tropical seasonal forest Warm grass and shrubs 
13 Cool temperate desert 
bush 
Cfa Tropical savanna Hot desert 
14 Cool temperate steppe Csc Tropical thorns Xerophytic woods/shrubs 
15 Cool temperate moist 
forest 
Csb Tropical steppe Tropical rain forest 
16 Cool temperate wet 
forest 
Csa Desert Tropical seasonal forest 
17 Cool temperate rain 
forest 
Cwc  Tropical dry forest or savanna 
18 Warm temperate desert Cwb   
19 Warm temperate desert 
bush 
Cwa   
20 Warm temperate thorn 
steppe 
BWk   
21 Warm temperate dry 
forest 
BWh   
22 Warm temperate moist 
forest 
BSk   
23 Warm temperate wet 
forest 
BSh   
24 Warm temperate rain 
forest 
Aw   
25 Subtropical desert Am   
26 Subtropical desert bush Af   
27 Subtropical thorn 
steppe 
   
28 Subtropical dry forest    
29 Subtropical moist 
forest 
   
30 Subtropical wet forest    
31 Subtropical rain forest    
32 Tropical desert    
33 Tropical desert bush    
34 Tropical thorn steppe    
35 Tropical very dry forest    
36 Tropical dry forest    
37 Tropical moist forest    
38 Tropical wet forest    
39 Tropical rain forest    
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Appendix B: Further readings 
Table B1- complementary literature (according to bird habitats and conservation) 
Authors Protected areas Aquatic habitats Grassland Forests Urban - suburban 
Adkins Giese, C. 
L., and F. J. 
Cuthbert, 2003 
   Nesting place 
selection 
 
Andersen, A. N., 
1995 
  Ants as indicators   
Andreasen, J. K. 
et al., 2001 
Terrestrial index 
development 
 Terrestrial index 
development 
Terrestrial index 
development 
Terrestrial index 
development 
Berg, A., 
2002 
  Habitat selection   
Burley, J. B., 1989  Habitat modelling 
 Habitat modelling  
Cairns Jr, J. et al., 
1993 
Ecosystem health 
indicator 
 Ecosystem health 
indicator 
Ecosystem health 
indicator 
 
Cale, P. G., 2003   Population structure   
Cooper, D. S., 
2002 
    Breeding bird 
distribution 
Coppedge, B. R. 
et al., 2003 
  Avian community 
dynamics 
  
Dean, W. R. J. et 
al., 2002 
  Change of vegetation Change of 
vegetation 
 
Dean, W. R. J. et 
al., 1999 
  Habitat preference 
and adaptation 
  
Dearborn, D. C. et 
al., 2001 
 Choosing 
indicators among 
seabirds 
   
Delbaere, B., 2002 Biodiversity Indicators 
  Biodiversity 
Indicators 
 
Delgado, A., and 
F. Moreira, 2002 
  Habitat and resource 
preferance 
  
Donald, P. F. et 
al., 1998 
   Effects of grazing 
on breeding birds 
 
Eiswerth, M. E., 
and J. C. Haney, 
2001 
Conservation and 
indicators 
  Conservation and 
indicators 
 
Faith, D. P., and 
P. A. Walker, 1996 
Indicator groups 
and biodiversity 
 Indicator groups 
and biodiversity 
Indicator groups 
and biodiversity 
 
Farley, G. H. et al., 
1996 
   Species richness 
in different stands 
 
Feria A., T. P., and 
A. T. Petersono, 
2002 
 Bird community 
composition 
Bird community 
composition 
Bird community 
composition 
 
Fernandez, G. J. 
et al., 2003 
  Bird-habitat 
relationship 
  
Ferris, R., and J. 
W. Humphrey, 
1999 
   Biodiversity 
indicators 
 
Firbank, L. G. et 
al., 2003 
    Land cover change 
and biodiversity 
Goldstein, M. I. Et 
al., 2003 
   Habitat 
management 
 
Griffis-Kyle, K. L., 
and P. Beier. 2003 
   Isolated habitats  
Hector, A. et al., 
2001 
Biodiversity and 
ecosystems 
    
Imhoff, M. L. et al., 
1997 
    Habitats 
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Authors Protected areas Aquatic habitats Grassland Forests Urban - suburban 
      
Keller, J. K. et al., 
2003 
    Species richness 
and urbanization 
Lindenmayer, D. 
B. et al., 2003 
   Eucalyptus and 
pine habitats 
 
Lund, M. P. 
2002 
   Indicators of 
species richness 
 
Mac Nally, R. et 
al., 2000 
   Habitat 
fragmentation 
 
Madjnoonian, H. et 
al., 1999 
Golestan N.P.     
Major, R. E. et al., 
2001 
   Habitats  
McElhinny, C. 
2002 
   Vegetation 
structure as 
biodiversity index 
 
 
Morneau, F. et al., 
1999 
 
Change in richness 
and abundance 
    
 
Muller, F. et al., 
2000 
 
Ecosystem integrity 
    
N. Kimberling et 
al., 2001 
    Invertebrates as 
indicators 
Noss, R. F. 
1999 
   Birds for 
Assessing 
biodiversity 
 
Oliver, I., 
2002 
  Assessment of 
vegetation conditions 
Assessment of 
vegetation 
conditions 
 
Osono, T. et al., 
2002 
  Vegetation change 
by Cormorants 
  
Papadimitriou, F. 
2002 
Modelling 
indicators 
    
Poulin, B. et al., 
2002 
  Habitat requirements Habitat 
requirements 
 
Rivotta, C. et al., 
2002 
Species richness 
assessment 
    
Safford, R. J. 1997    Distribution of native passerines 
 
Selmi, S., and T. 
Boulinier. 2003 
  Oasis habitats and 
bird diversity 
  
Soderstrom, B. et 
al., 2003 
  Agriculture and bird 
conservation 
  
Thompson, B. C. 
et al., 2001 
  Habitat management Habitat 
management 
 
Uliczka, H., and P. 
Angelstam. 2000 
   Assessing stands 
using birds 
 
Vora, R. S. 
1997 
Monitoring and 
management 
    
Williams, B. K. et 
al., 1997 
  Wildlife-vegetation 
association 
  
Williamson, R. D., 
and R. M. 
DeGraaf. 1981 
    Urban bird habitats 
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Appendix C: The EVCs associated with the distribution of bird 
species 
Table C-1Total EVC areas within Singing Honeyeater buffer zones comparing to the habitat type ranking 
EVC COUNT Habitat rank TOTAL AREA (ha) 
1 1 11 80.1168 
2 11 2 183.8774 
9 3 5 468.5149 
16 3 1 83.2412 
23 2 1 68.7716 
29 1 1 0.5315 
48 1 2 1.1277 
53 9 8 32.2494 
55 1 2 75.7946 
83 1 3 7.7561 
140 2 5 35.1082 
161 10 6 274.5529 
163 4 9 9.7071 
175 4 2 29.0946 
858 28 2 1085.2354 
876 1 7 0.4230 
879 2 11 1.4214 
902 2 2 14.0904 
904 1 3 8.5349 
914 1 8 0.8321 
935 3 5 3.7730 
937 1 6 6.0514 
988 1 12 33.1719 
 
Table C-2Total EVC areas within Scarlet Robin buffer zones comparing to the habitat type ranking 
EVC COUNT Habitat 
rank 
TOTAL AREA 
(ha) 
2 1 2 8.1725 
3 5 2 123.8511 
6 1 6 6.1356 
8 4 6 34.4413 
9 2 5 40.2345 
16 61 1 1338.2253 
23 12 1 137.2584 
29 15 1 136.5066 
48 16 2 407.2901 
53 27 8 116.3417 
55 12 2 116.6983 
59 1 2 17.6001 
74 3 8 262.4744 
83 9 3 48.5642 
126 1 8 7.4397 
128 21 1 240.3312 
136 2 8 2.6940 
140 3 5 28.1133 
159 2 6 67.0962 
161 2 6 28.3472 
163 3 9 5.9071 
175 11 2 124.3179 
191 9 3 22.3129 
653 2 10 142.2227 
710 1 6 35.4415 
793 3 2 55.1385 
900 6 11 10.7297 
902 4 2 102.1287 
907 1 1 10.1069 
935 5 5 17.4994 
937 5 6 17.6638 
938 5 1 24.1390 
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Table C-3Total EVC areas within Crescent Honeyeater buffer zones comparing to the habitat type ranking 
EVC COUNT Habitat 
ranking 
TOTAL AREA 
(ha) 
2 2 2 18.1064 
3 8 2 286.3017 
6 4 6 10.9328 
9 2 5 23.8101 
16 13 1 285.3041 
23 9 1 128.9352 
29 2 1 0.7342 
48 7 1 29.2834 
53 7 8 22.2216 
59 1 2 10.6646 
83 7 3 40.2686 
136 1 8 0.0039 
140 2 5 16.3047 
159 2 6 40.6528 
161 4 6 61.3322 
163 2 9 0.7811 
175 4 2 36.9823 
191 4 3 10.8638 
793 4 2 131.3681 
858 9 2 130.1887 
935 4 5 10.5911 
Table C-4Total EVC areas within White-throated Treecreeper buffer zones comparing to the habitat type 
ranking 
EVC COUNT HABITAT RANK TOTAL AREA (ha) 
2 1 2 6.2027 
3 16 2 1332.4724 
6 15 6 34.6197 
8 4 6 34.4413 
16 113 1 2408.8026 
17 3 4 3.7913 
18 6 1 60.9016 
23 85 1 1092.2283 
29 52 1 476.8138 
30 1 1 59.6798 
48 25 2 686.7013 
53 36 8 123.5928 
59 2 2 20.9457 
74 1 8 5.2987 
83 41 3 238.1051 
126 4 8 12.1179 
128 34 1 347.0529 
136 3 8 2.7006 
140 1 5 0.7806 
159 5 6 99.7478 
175 15 2 228.6583 
191 21 3 64.2807 
710 4 6 41.7472 
793 16 2 387.4414 
902 10 2 206.5618 
937 12 6 33.2519 
938 7 1 36.6096 
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Table C-5Total EVC areas within Varied Sittella buffer zones comparing to the habitat type ranking 
EVC COUNT Habitat rank TOTAL AREA (ha) 
2 3 2 33.3884 
3 5 2 263.2669 
6 10 6 9.5498 
8 4 6 34.4413 
9 1 5 3.4152 
16 62 1 1155.4057 
17 3 4 3.7913 
23 20 1 172.8171 
29 7 1 36.2329 
48 18 2 831.1597 
53 36 8 308.0908 
74 1 8 5.2987 
83 29 3 92.8766 
126 1 8 7.4397 
128 5 1 112.9067 
136 3 8 6.1134 
140 2 5 8.9182 
159 2 6 5.9953 
175 37 2 376.2301 
191 11 3 37.3268 
710 2 6 35.5191 
793 7 2 174.7961 
900 1 11 0.3927 
902 5 2 152.2824 
937 19 6 57.2020 
Table C-6Total EVC areas within Song Thrush buffer zones comparing to the habitat type ranking 
EVC COUNT Habitat rank TOTAL AREA (ha) 
1 1 11 1.1270 
2 1 2 2.6433 
3 2 2 54.5722 
8 4 6 34.4413 
9 1 5 93.5040 
16 17 1 317.9658 
18 2 4 7.1919 
23 4 1 10.9595 
29 10 1 36.0022 
48 6 2 392.3221 
53 26 8 147.2633 
55 2 2 73.5536 
74 3 8 171.8067 
83 6 3 37.7559 
125 1 8 3.0486 
136 3 8 6.1134 
140 1 5 31.0437 
159 1 6 1.0779 
160 1 11 2.9978 
175 10 2 136.4119 
191 6 3 32.7066 
793 1 2 2.6760 
902 5 2 47.0436 
904 2 3 21.2627 
921 2 2 9.4208 
935 7 5 8.0247 
937 4 6 14.2928 
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Table C-7Total EVC areas within Eurasian Tree Sparrow buffer zones comparing to the habitat type ranking 
 
 
 
 
 
Figure C-1Connectivity rate of selected EVCs for Singing Honeyeater and its distribution 
EVC COUNT Habitat rank TOTAL AREA (ha) 
1 1 11 5.1419 
2 3 2 3.2843 
16 4 1 134.7311 
23 1 1 1.2215 
53 4 8 9.3145 
55 1 2 2.1404 
74 3 8 101.4845 
83 3 3 20.7031 
140 1 5 1.8577 
160 4 11 11.9657 
175 1 2 0.1861 
653 2 10 199.7404 
793 1 2 2.6760 
900 1 11 6.7980 
904 2 3 22.8031 
921 2 2 23.6696 
935 5 5 1.3242 
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Figure C-2Connectivity rate of selected EVCs for Scarlet Robin and its distribution 
 
 
 
Figure C-03Connectivity rate of selected EVCs for Crescent Honeyeater and its distribution 
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Figure C-4Connectivity rate of selected EVCs for White-throated Treecreeper and its distribution 
 
 
 
Figure C-05Connectivity rate of selected EVCs for Varied Sittella and its distribution 
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Figure C-6Connectivity rate of selected EVCs for Eurasian Tree Sparrow and its distribution 
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Appendix D: Probability Plots of PATCHRATE, LCRATE, 
Distance to buildings, Distance to shore 
These Figures show the plotted value of each observation against its estimated cumulative 
probability. The scales are transformed as necessary so that the fitted distribution forms a 
straight line. Probability plots are used to help determine whether a particular distribution 
fits the data. The plot consists of: 
Plot points, which represent the proportion of failures up to a certain time. The plot points 
are calculated using a nonparametric method. The observed failure times are plotted on 
the x-axis vs. the estimated cumulative probabilities (p) on the y-axis. Transformations of 
both the x and y data are needed to ensure that the plotted y values are a linear function of 
the plotted x values if the data are sampled from the particular distribution.  
Fitted line, which is a graphical representation of the percentiles. To make the fitted line, 
first the percentiles for the various percents are calculated, based on the chosen 
distribution. The associated probabilities are then transformed and used as the y-variables. 
The percentiles may be transformed, depending on the distribution, and are used as the x-
variables.  
Confidence intervals  
Because the plot points do not depend on any distribution, they would be the same (before 
being transformed) for any probability plot made. The fitted line, however, differs 
depending on the parametric distribution chosen. So the probability plot can be used to 
assess whether a particular distribution fits the data. In general, the closer the points fall to 
the fitted line, the better the fit.  
The results of this section are useful to limit the potential habitats of species in the study 
area. The reason is to validate the produced model by checking locations where there has 
been no records of the species, but according to the model, there is a high probability to 
observe the species. 
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Figure D.1-Eurasian Tree Sparrow 
 
Figure D.2-White-throated Treecreeper
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Figure D.3-Varied Sittella  
 
 
Figure D.4-Scarlet Robin  
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Figure D.5-Song Thrush  
 
 
Figure D.6-Crescent Honeyeater  
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Figure D.7-Singing Honeyeater  
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Appendix E: MINITAB results of binary regression for seven 
bird species 
 
Results for: Robin 
 
                                                          Odds     95% CI 
Predictor                Coef    SE Coef       Z      P  Ratio  Lower  Upper 
Constant             -7.00577   0.269090  -26.04  0.000 
PATCHRATE          -0.0742927  0.0071747  -10.35  0.000   0.93   0.92   0.94 
LCRATE               0.172510  0.0112200   15.38  0.000   1.19   1.16   1.21 
Distance to bld    -0.0001014  0.0000099  -10.23  0.000   1.00   1.00   1.00 
Distance to shore  -0.0000130  0.0000053   -2.46  0.014   1.00   1.00   1.00 
 
 
Table of Observed and Expected Frequencies: 
(See Hosmer-Lemeshow Test for the Pearson Chi-Square Statistic) 
 
Value           1                   0 
Group  Observed  Expected  Observed  Expected  Total 
    1         1       3.0      1233    1231.0   1234 
    2         6       6.8      1229    1228.2   1235 
    3        19      10.1      1215    1223.9   1234 
    4        21      13.9      1214    1221.1   1235 
    5        18      19.0      1217    1216.0   1235 
    6        22      25.3      1212    1208.7   1234 
    7        19      32.7      1216    1202.3   1235 
    8        42      42.6      1192    1191.4   1234 
    9        49      60.3      1186    1174.7   1235 
   10       150     133.2      1085    1101.8   1235 
 
Results for: C. Honey 
 
Logistic Regression Table 
 
                                                          Odds     95% CI 
Predictor                Coef    SE Coef       Z      P  Ratio  Lower  Upper 
Constant             -8.33513   0.475548  -17.53  0.000 
PATCHRATE           -0.111113  0.0109515  -10.15  0.000   0.89   0.88   0.91 
LCRATE               0.258637  0.0186954   13.83  0.000   1.30   1.25   1.34 
Distance to bld    -0.0002920  0.0000347   -8.42  0.000   1.00   1.00   1.00 
Distance to shore  -0.0000730  0.0000162   -4.51  0.000   1.00   1.00   1.00 
 
  
Table of Observed and Expected Frequencies: 
(See Hosmer-Lemeshow Test for the Pearson Chi-Square Statistic) 
 
                                       Group 
Value      1      2      3      4      5      6      7      8      9     10 
1 
  Obs      0      0      0      3      0      2      5     12     10     85 
  Exp    0.0    0.0    0.2    0.5    1.3    2.6    4.4    8.0   16.8   83.1 
0 
  Obs    781    782    782    779    782    779    777    770    772    697 
  Exp  781.0  782.0  781.8  781.5  780.7  778.4  777.6  774.0  765.2  698.9 
Total    781    782    782    782    782    781    782    782    782    782 
 
 
Value  Total 
1 
  Obs    117 
  Exp 
0 
  Obs   7701 
  Exp 
Total   7818 
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Results for: S. Honey 
 
Logistic Regression Table 
 
                                                          Odds     95% CI 
Predictor                Coef    SE Coef       Z      P  Ratio  Lower  Upper 
Constant             -7.61496   0.494121  -15.41  0.000 
PATCHRATE           -0.110606  0.0116749   -9.47  0.000   0.90   0.88   0.92 
LCRATE               0.226869  0.0194504   11.66  0.000   1.25   1.21   1.30 
Distance to bld    -0.0001110  0.0000274   -4.06  0.000   1.00   1.00   1.00 
Distance to shore  -0.0002629  0.0000816   -3.22  0.001   1.00   1.00   1.00 
 
  
Table of Observed and Expected Frequencies: 
(See Hosmer-Lemeshow Test for the Pearson Chi-Square Statistic) 
 
                                       Group 
Value      1      2      3      4      5      6      7      8      9     10 
1 
  Obs      0      1      1      8     13     16     10     22     23     59 
  Exp    1.2    2.9    4.3    6.0    7.9   10.5   14.0   18.8   27.5   59.7 
0 
  Obs    260    260    259    253    247    245    250    239    237    202 
  Exp  258.8  258.1  255.7  255.0  252.1  250.5  246.0  242.2  232.5  201.3 
Total    260    261    260    261    260    261    260    261    260    261 
 
 
Value  Total 
1 
  Obs    153 
  Exp 
0 
  Obs   2452 
  Exp 
Total   2605 
 
 
Results for: Sittella 
 
Logistic Regression Table 
 
                                                          Odds     95% CI 
Predictor                Coef    SE Coef       Z      P  Ratio  Lower  Upper 
Constant             -4.09594   0.274578  -14.92  0.000 
PATCHRATE          -0.0403823  0.0085006   -4.75  0.000   0.96   0.94   0.98 
LCRATE              0.0991419  0.0133104    7.45  0.000   1.10   1.08   1.13 
Distance to bld    -0.0001725  0.0000121  -14.26  0.000   1.00   1.00   1.00 
Distance to shore  -0.0000258  0.0000055   -4.69  0.000   1.00   1.00   1.00 
 
 
  
Table of Observed and Expected Frequencies: 
(See Hosmer-Lemeshow Test for the Pearson Chi-Square Statistic) 
 
Value           1                   0 
Group  Observed  Expected  Observed  Expected  Total 
    1         0       1.8      1113    1111.2   1113 
    2         0       5.2      1114    1108.8   1114 
    3         0      11.5      1114    1102.5   1114 
    4        19      18.5      1095    1095.5   1114 
    5        34      27.7      1080    1086.3   1114 
    6        51      39.4      1063    1074.6   1114 
    7        88      52.6      1026    1061.4   1114 
    8        70      68.2      1044    1045.8   1114 
    9        67      90.5      1047    1023.5   1114 
   10       122     135.6       992     978.4   1114 
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Results for: Sparrow 
 
Logistic Regression Table 
 
                                                         Odds     95% CI 
Predictor                Coef    SE Coef      Z      P  Ratio  Lower  Upper 
Constant             -1.17448   0.724597  -1.62  0.105 
PATCHRATE           0.0007769  0.0207488   0.04  0.970   1.00   0.96   1.04 
LCRATE              0.0322577  0.0328180   0.98  0.326   1.03   0.97   1.10 
Distance to bld    -0.0005483  0.0001051  -5.22  0.000   1.00   1.00   1.00 
Distance to shore  -0.0005993  0.0001147  -5.23  0.000   1.00   1.00   1.00 
 
  
Table of Observed and Expected Frequencies: 
(See Hosmer-Lemeshow Test for the Pearson Chi-Square Statistic) 
 
                                       Group 
Value      1      2      3      4      5      6      7      8      9     10 
1 
  Obs      0      0      0      0      0      0      0      0      0     45 
  Exp    0.0    0.0    0.0    0.0    0.0    0.0    0.1    0.2    1.2   43.5 
0 
  Obs    711    712    712    712    712    711    712    712    712    667 
  Exp  711.0  712.0  712.0  712.0  712.0  711.0  711.9  711.8  710.8  668.5 
Total    711    712    712    712    712    711    712    712    712    712 
 
 
Value  Total 
1 
  Obs     45 
  Exp 
0 
  Obs   7073 
  Exp 
Total   7118 
 
Results for: Thrush 
 
Logistic Regression Table 
 
                                                          Odds     95% CI 
Predictor                Coef    SE Coef       Z      P  Ratio  Lower  Upper 
Constant             -5.31705   0.458408  -11.60  0.000 
PATCHRATE          -0.0434806  0.0149235   -2.91  0.004   0.96   0.93   0.99 
LCRATE              0.0821790  0.0222082    3.70  0.000   1.09   1.04   1.13 
Distance to bld    -0.0002698  0.0000269  -10.02  0.000   1.00   1.00   1.00 
Distance to shore   0.0000584  0.0000074    7.85  0.000   1.00   1.00   1.00 
 
 
Table of Observed and Expected Frequencies: 
(See Hosmer-Lemeshow Test for the Pearson Chi-Square Statistic) 
 
Value           1                   0 
Group  Observed  Expected  Observed  Expected  Total 
    1         0       0.1      1113    1112.9   1113 
    2         0       0.6      1114    1113.4   1114 
    3         0       1.3      1114    1112.7   1114 
    4         0       3.2      1114    1110.8   1114 
    5         6       7.6      1108    1106.4   1114 
    6         6      11.9      1108    1102.1   1114 
    7        16      17.8      1098    1096.2   1114 
    8        32      26.0      1082    1088.0   1114 
    9        64      36.4      1050    1077.6   1114 
   10        46      65.0      1068    1049.0   1114 
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Results for: Treecreeper 
 
Logistic Regression Table 
 
                                                          Odds     95% CI 
Predictor                Coef    SE Coef       Z      P  Ratio  Lower  Upper 
Constant             -5.45271   0.198098  -27.53  0.000 
PATCHRATE          -0.0802886  0.0051079  -15.72  0.000   0.92   0.91   0.93 
LCRATE               0.176747  0.0079219   22.31  0.000   1.19   1.17   1.21 
Distance to Bld    -0.0001199  0.0000081  -14.81  0.000   1.00   1.00   1.00 
Distance to shore  -0.0000060  0.0000035   -1.72  0.085   1.00   1.00   1.00 
 
 
Table of Observed and Expected Frequencies: 
(See Hosmer-Lemeshow Test for the Pearson Chi-Square Statistic) 
 
                                       Group 
Value      1      2      3      4      5      6      7      8      9     10 
1 
  Obs      0      5     19     58     88     95    121    123    127    278 
  Exp    7.8   18.1   29.9   42.0   56.7   77.0  102.0  129.4  169.6  281.5 
0 
  Obs    951    946    932    893    864    856    830    828    824    674 
  Exp  943.2  932.9  921.1  909.0  895.3  874.0  849.0  821.6  781.4  670.5 
Total    951    951    951    951    952    951    951    951    951    952 
 
 
Value  Total 
1 
  Obs    914 
  Exp 
0 
  Obs   8598 
  Exp 
Total   9512 
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